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PREFACE. 



In coa80i|oeiioe of a chapg^ in the wenngtuaent, bjr 
which aome repetition^ otherwise oeceMary, is avoidedt 
and additioaal perspicuityi it i« hoped^ attained; a 
diaoge in the title of this edition became indispeDsaUe* 
The discoision of the mechanism of Respiration is nsade 
to preoede that of the Motion of the Bloody which torn* 
stituted the leading article in the former edition. 

The doctrines, supported in the first edicbn are» in 

tbis^ more amply discussed ; are supported by ad* 

ditional proofs ; and are relieved, it is hoped, firom the 

objections which have been raised against them, by satis- 

ftetory replies* 
a 
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The number of the articles treated of in this edition, 
has been considerably extended. In addition to Re« 
spiration and the Motion of the Bloody three other ar- 
ticles have been introduced, Ammal Heat, Absorption^ 
and Muscular Motion* The four first articles in this 
volume are so connected and interwoven, that an ac- 
quaintance, with every succeeding article, throws some 
new light upon all those which preceded it. Many 
points, in the first article even, could not receive their 
fullest elucidation, without arguments, which could not 
be introduced previously to the discussion of the last. 
It is requested of the reader, therefore, that if he should 
meet with any doctrine, or supposition, which might 
appear to him untenable, he will suspend his final 
decision respecting it, until he shall have perused the 
whole of these articles. 

The fifth article, tiiat on Muscular Motion, is uncon- 
nected with the others, and may be perused with every 
advantage separately. 

Since the publication of the former edition of this 



work, the subjecte ioveatigated, and chiefly in conse* 
quenoe of that investigation, have attracted no common 
^bare of attention, both in Europe and America. 

. The Author, of course, has not been inattentive to 
that discussion ; and has introduced into this edition 
whatever seemed to be important that was disclosed by 
it, or that has resulted from his own frequently repeat- 
ed reflections, during the long period that has elapsed 
between the former publication and the present. 

Most of the additional subjects contained in this 
Yoluoie, Imve appeared in other publications, so that 
they are not altogether new to the public* 

The opinion has been advanced, and prevailed to a 
considerable extent, chiefly among those, who are dis- 
posed to form their judgement according to the asser- 
tions of others, that the doctrines which I have advanced, 
not b^g .supported by experiment, are in a great de« 
gree speculative* This opinion has probably, arisen, in 
some, degree, from the situation of the Author, as a 
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private praetitioDer, in a provioeial town, debarred from 
those sources of information, and facilities of investigfti- 
tion, which are only afibrded at the great seats of sci- 
ence, and with the co-operation of the learned, and 
which seemed to be necessary for the successful prose- 
cution of such inquiries, as he has ventured to undertake. 
I do not admit this inference to be just. I have in 
every in&tance carefully ascertained the stability of the 
foundation upon which my reasoning rests ; and I have 
yet to learn, in what instance that stability has been 
proved to be insecure. For that stability, indeed, I have 
looked more to the field of observation that has been long 
open to all ; and to the extension made to that field by the 
experiments of others rather than by my own. No less 
reliance, it is hoped, will be placed upon the deductions 
drawn from experiments, made for a purpose different 
from that which they are now brought to support. In the 
present state of physiological science, new experiments 
did not seem in many instances to be required* A vast 
Bumber of well attested facts are to be fomid in physi- 
ological and anatomical writers ; scattered and nneoti'^ 
neeted, indeed, and often seemingly incompatible. To 
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difleoTtf the bearing and end of these disjointed and in«> 
ooograons materiab» seemed to be more required^ than 
an extension of their number. In the language of the 
hwf a summing up of the evidence adduced* seemed to 
be more wanted, than additi(«ial witnesses. 

Brilliaot and successful examples of this mode of 
pwBQing physiological and other researches, are readily 
supplied. All the facts on which the doctrine of the 
Circulation of Jthe Blood are founded, were known long 
before the days of Dr. Harvey. But in those parts of 
my Inquiry, which could not be pursued without fresh 
experimratts, as they related jto points altogether new, 
I have not shrunk from the task of making them. For 
aeoertaioiag the power generated by the elasticity of the 
loDgs, that engine, widdy and variously effective, whidi 
lurked uxiknown and unsuspected in the fabric of roan, 
and of aU those animals whose constitution is considered 
the most perlBCt ( and which has been proved to per- 
form aa essentml part in the process of Breathing ^ 
in the Cireubtion of Ihe Blood { in the supply of tibat 
vital fountain ; in the formation and regulation of Aai* 
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ntal Heat ; and in the discbarge of the recrement ne« 
cessarily engendered by the rapid renovation of the Hv'* 
ing body ; and which, it is probable, may be found to 
extend to other offices^ in a - way not yet discovered ; 
my experiments, both numerous and laborious, are 
recorded in the Philosophical Transactions for 1821, 
and are, I believe, universally admitted to be conclusive, 
with respect to the object for which they were devised. 

I have not, however, been insensible to the disadvan- 
tages of my situation, and have repeatedly endeavoured 
to render it more favourable. With that view chiefly 
I became a candidate for a medical chair in the univer*- 
dty of Edinburgh, on the death of Dr. Gregory ; and 
subsequently, and with more reasonable prospecte of sue- 
cess, as the medical professors of that Institution, by whose 
opinion the chancellor might have been supposed to have 
been guided, were generally favouraUe to my preten* 
sions ; in the university of Glasgow, on the deatli of Dr. 
Freer. What influence a success in any one of these 
applicatians would have had upon the present production, 
it is in vain now to conjecture. 



Some writers, who have given what it woold appear 
an ODwilliog assent to the leading proposition, the in- 
fluence of atmospherical pressure on the motion of the 
blood, have disputed my claim to originality, maintain- 
ing that the same doctrine had previously been advanced 
by others, particularly by Dr. Wilson, formerly a phy^- 
»cian in Newcastle upon Tyne. I trust that it will not 
be deemed impertinent, if I allude briefly to the origin 
of my opinions on the subject, and endeavour to estimate 
how much may be due to Dr. Wilson. 

In the course of my medical education, I became a 
visiter to. the Royal Medical Society of Edinburgh, at 
the introduction of my friend, Mr. John Murray, who 
afterwards became so celebrated as a writer and lecturer 
on chemistry : for I never became a member of any of 
the Medical Societies at Edmburgh, having served what 
may. be called my society-time, in the literary and the- 
ological societies of that place, and being indisposed to 
enter again the arena with students, generally by several 
years youngw than myselfi At this visit a paper was 
read, advocating the inutility and cyen danger of an ac- 
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qaaintanee with mathematics and the physical scieoces, 
as a part of a medical edncation. I disapproved of the 
doetrhiei and intended to have given it my reprobation, 
a privilege which was allowed to a visiter ; bat I 
waited to hear the sentiments of the members of the 
society, and while I was still hesitating about the time 
of addressing the society, and considering perhaps what 
I had to say, the president dedared the debate to be 
closed. I retired from the meeting, not at all well 
satisfied with myself, for allowing such pernicioas doc- 
trines to pass without receiving the condemnation they 
deserved. The subject took exdusive possession of my 
mind ; and in the fancied oration, in which I was re* 
fating the doctrine, and in which I passed a sleepless 
night, the first bom of a numerous progeny from the 
same parent, I selected the circalation of the blood as a 
part of a medical education, to the understanding of 
which the condemned sciences were neeessarj. After 
successive unsuccessful trials to get the blood round 
according to the scheme of Dr. Harrey, I b^an to dis- 
torer the vestiges of powers which had not been uotieed 
by physiologists, and which appeared aeoessary to (fae 



3U* 

aooomplishment of the blood's drculation. I, early ia 
the moTuingf repaired to the residence of my friend Mr« 
Mnrrayt prononncing the Heur^ka^ not aloud I believe^ 
but as enthusiastically as it had been done by the ancient 
sage. I told him that 1 had . discovered the causes of 
the motion of the blood, and explained to him my views, 
which he considered very plausible* I told him at 
the same time that I should make it the subject of 
my Thesis. He smiled and dryly replied," that he was 
afiraid the doctrine would not be considered suffidratiy or- 
tiiodox for the college, — an expression of which I knew 
the meaning bettar afterwards. 

I accordingly made the causes of the motion of die 
blood the subject of my Thesis. I found the prediction 
(^ Mr. Murray, respecting the doctrine advanced not 
bebg deemed suffidendy orthodoXf fully verified. Some 
of the most eminent members of die medical faculty, 
into whose hands the Thesis fell after it had been printed, 
condemned it in no measured terms, and plainly intima- 
ted thaty if die nature of die production had been earlier 
known, Itshould not have, received a degree at diat term, 
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or perhaps at any other, from that univeraity. The eon* 
demnatioD which my production receivedi and tha^ di^ 
eourag^nieDt I niist wiA from that quarter, were more 
thaa connterbahineed by the consolations and approba- 
tion of a' fellow student, who was also my most inti- 
mate friend, who took a degree in medicane od the eome 
day that 1 did, and whose future career has fii% jae^ 
ficd the high value I then placed on his opinioni^ I mead 
Dr* Thomas Thomson, the present illostriooe pro^- 
0or of chemistry in Glasgow* He bade meaot' t6 le 
dishearteaedy aethe Thesie was a production that would 
do me no discredit, and stroagly urged mfs to pttfsiie Ae 
subject as it related to a branch of medical science, that in 
hm opinioa was still invoirod in great obseuritf • 

The few jdays I passed at Edinburgh aftbr I had takeii 
my degise» I employed in ransaddng' the WIfnmtf of 
that idaee^ for smdk produotions as migte throw a light 
upon the subject, to whiohJ had from tUe liofe devoted 
myselt In the. library of tfaeRsyid Medical S^My 
ef Bdinhu'g]^ I lMi«dhoiind»up^ with a nMib^rof oiiier 
pasqpUetSy the ttaatiie of I^^ Wilson, of Newcatfde, 
who had taken, in many respects, the same view of the 



mu 



« causes of tfao moCiM of the blood in tbe vdu that I had 
done. It is impossible to sajr* whether I woe more tnor« 
dfied or gratiiod, by the perusal of this work of Dr. 
Wilson's i nMHTtified at fioding that I had been in some 
respeets antieipated in tny views $ and gratified that 
those ^neWB wiste not so unreasonaUe) bat that they bad 
been entertained by some other person. The name of 
Br. Wilson, 1 had never heard mentioned by any lec- 
tDrer^ nor seen in any pablioation ; nor since that time^ 
and previonsly to 1810, though I have been constantly 
#n the watch for it, have I discovered it to be noticed, 
eou^ting by ibe industrious and candid Haller, {who 
states that Dt* WSson, an English phjrsiciaii, bad con* 
tended tlsat the blood in Ae veins was l^tiHmed to die 
heart by atmospherical pressure, a doctrine, the celebra* 
kA German observes, not to be despised. So completely 
aakodwii had the treatise of Dr. Wilson become, tbut, 
tf I bad been so disposed, I might have been silent aboiil 
ite existefice, without any chance of ^the dishonourable 
concealment being detected. Dr. Wilson says, that die 
heart pumps the blood from the veins, but he assigns no 
cause for the expansion of the heart Aat was required 



to make it act as a pump. On this account the doctrine 
seems to have made no impression. Dr. Brown Lan- 
grish contended that the heart was dilated independent- 
ly of the force of the returning blood, and assigned as 
the cause of that dilatation, the action of the muscles of 
the heart, which were supposed to be antagonists to those 
by which it was contracted. The existence of such mus- 
cles was refuted and the doctrine rejected. In my The- 
sis, I have assigned a cause for the expansion of th 
heart which must be allowed to be efficient, so far as it 
goes> in all animals, and in some classes perfectly so ; 
but it must be admitted, that in the class of animals in 
which it was supposed to operate, its influence must be 
feeble, and by no means adequate to the effect ascribed 
to it. It is believed that if the doctrine had been left 
in the state in which it was placed by the treatise of 
Dr. Wilson, and my own Thesis, it would still have been 
unheard of. It was not till after the publication of the 
former edition of this work, in 1815, that the doctrine 
began to make any impression on the public mind. 

But neither the hypothesis maintained by Dr. Brown 
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Laogrisb, which was of a date more ancient than the 
time even of that Philosopher, nor that of Dr. Wilson, 
had any reference to the mechanism of respiration. On 
this subject my views, so fiur as regards the mammifer« 
ous animals, have not, it will be admitted, been antici- 
pated by the most distant or obscure allusions ci any 
preceding writer, 

It was my intention, as I have announced at the com* 
mencement of the following work, to have made a more 
extensive application of tiie physiological doctrines, to 
the treatment of disease, than it will be found I have 
done. Various causes have concurred to limit this ap« 
plicatbn. In the first place, the physiological discussion, 
has, in several instances, extended to a greater length 
than I expected. So that the limits asngned to tiie work, 
were nearly filled op by that discussion. I was still, I 
eon&ss, fearful of the consequences of the proposal of 
untried remedial methods, considering practical injury 
lees excusable tiian specuhtive error. I was sen* 
Bible also, that to those who understood or approved 
of the principles, a practical iqpplication of diem would 
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readily occur as occasion might offer ; and to those 
who did pot understand or rqected the principles, no 
r^mmMation of a remadial natojce could be advan- 
ti^psous or sa&ly entrusted. 

In some instances, i have ventured to fulfil the plan 
I had contemplated. One of these I particularly re- 
commend to the notice of the Medical Profession, that 
is the method of treating oon$umptioii detailed at the end 
of the article on Re^iration* In a paper which I read 
many years ago, in the literary and Philosi^hical 
Society of Liverpool, add which was subsequently print- 
ed, and had a local circulationf I stated, that a surgical 
opetsstkm held out the 4^1y pro^iect of curing that 
£sease, and described the nature of the operation, which 
I supposed would be required* The operation was per-* 
fomoied according to the plan which I proposedn Hie 
t»mdes of its want of success were clearly asdertaifted* 
To obviate these causes, a modification and extension of 
the operation were prelected* Thedperation wasjat* 
tempted according to this new jimi i wfadi new difflp 
eikies presented themselves ; not however it is hoped of 
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an insuperable nature. But I dare not venture to pro* 
oeed further on my own reaponsibility ; but shall wait» 
not without h<^, tSl I know whether the profession 
will deem my suggestions worthy of their oountenance 
and support. 

The lamentable ravages annually made by this disease^ 
among the flower of the human raoe, will be an apology, 
I trust, for any proposition, however ineffectual it may 
praye, that may be made with a view to its cure* 
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Respiration is that fonction of animals by which a 
quantity of air is alternately admitted into, and expelled 
from, the lungs. It is synonymous with breathing. 
The process by which air is admitted is termed inspira- 
tioo, and that by which it is expelled, expiration. 

The mechanism of inspiration consists in the enlarge- 
ment of the thorax, which is increased both in diameter 
and in axis. The axis of the chest is increased, or its 
cavity is deepened by the movements of the diaphragm. 
This tendinous and muscular flooring divides the trunk 
of the body transversely, and separates the chest from 
the abdomen ; it assumes at all times in health a form 
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more or less conical ; having its apex or convex side 
turned towards the cavity of the chest, and its base or 
concavity facing the abdomen. It is by the decrease of 
the convexity of the diaphragm, or by its approach to a 
plane^ that the axis of the chest is augmented or its ca- 
vity deepened. The contraction or shortening of the 
muscular fibres produces the change just mentioned in 
the form of the diaphragm ; they are brought by that 
means nearer to the direction of straight lines ; the al- 
titude of the cone is lessened ; and as the area of its 
base necessarily remains the same, its apex is rendered 
more obtuse, or its convexity is decreased* The dimen- 
sions of the cone formed by the diaphragm are dimin- 
ished, and the capacity of the chest is extended in an in- 
verse proportion. 

The chest is increased in diameter by the contrac^tion 
of the intercostal and pectoral muscles. In consequence 
of this contraction, the ribs are drawn nearer to each 
other, and, as the position of the superior row of ribs 
is fixed, the inferior rows are all drawn? upwards. 
From the peculiar nature of their artici!rfation with th(^ 
back bone, the asscent of the ribs is necessarily accom- 
panied with an extension of the arches in an outward 
direction, and, in consequence, with a general increase 
of the diameters of the chest. 



DuriDg the process of expiration the muscular Bbres 
are rela;xed. The diaphragm assumes its former exten- 
sion ami shape ; the ribs return to the position from 
which they had been drawn, and the capacity of the 
chest is reduced to its former dimensions. 

As daring these changes a free communication at alt 
times subsits between the cavity of the chest and the 
external air through the windpipe ; and, as the other 
inlets into. thiA. cavity are all subjected to regulations 
whidi prohibit the admission of a greater quantity of 
matter iuto .il at ooe time than at another ; to preserve 
the equilibrium of pressure between the air within and 
ihat mtbout the cheat* a quantity of this fluid must 
be idter^ately expelled and admitted. 

The diminution of the altitude of the cone formed by 
the diaphragm, usually termed the descent of this par- 
tition, is universally acknowledged to follow of necessity 
the contraction of its muscular fibres. The causes by 
which, the altitude of the cone is again restored are not 
so evident. 

In our attempt to investigate the causes of so impor^ 
tant a movement, it will be proper to examine previously 
the efficacy of those powers to which it has generally 
been ascribed. 
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The simple relaxation of the fibres of so extensive 
and thin a substance could unquestionably haVe no share 
in the production of this effect. But, for restoring the 
altitude of the diaphragm, the relaxation of the muscnlar 
fibres is necessary to the favourable operation of other 
powers* 

The agents by which the diaphragm is supposed to 
be elevated (to use the language commonly employed to 
describe that movement) in respiration, are the abdomi- 
nal muscles ; and the manner in which they are believed 
to produce the effect is generally explained as follows. 

When the diaphragm is contracted, as is acknowledg- 
ed to be the case in inspiration, the oblique and transverse 
muscles of the abdomen, are supposed to be in a state 
of relaxation ; and, by permitting the abdominal viscera 
to protrude, to allow an easy descent to the diaphragm. — 
When^ however, the diaphragm becomes relaxed either 
with or without the consent of the will ; the abdominal 
muscles either in consequence of sympathy, association, 
or of the stimulus of volition, contract in their turn, and 
by pressing the abdominal viscera against the lower 
or concave surface of the diaphragm, cause it to assume 
a higher elevation in the cavity of the chest. 

The abdominal muscles and diaphragm are considered 



in diis explanation to act as antagonists ; and, it is by 
the alternations in the contraction and relaxations of 
these muscles and the diaphragm, that the function of 
respiration is supposed to be performed. 

That the actions of the abdominal muscles should 
perpetually and invariably alternate with those of the 
diaphragm, through sympathy, habit, or association, and 
generally without the intervention of the will, is a doc« 
trine which appears so incomprehensible, tiiat it will not 
slightly obtain the assent of the inquisitive mind. Great 
support has been supposed to be derived to the hypothe- 
sis of such a connexion subsisting between tiie muscles 
in every respect distinct, from the alternation in the 
movements of the ventricles and auricles of tiie heart. 
But the aid, which this doctrine is supposed to receive 
from t}ie analogy of the heart is in this case fallacious ; 
for, by referring to tfae^account which will be given in the 
succeeding part of this work, of the action of this organ, 
it will be found tliat the alternations to which allusion 
has been made, are not produced through sympathy, 
habit, association, concatenation, or any of that tribe of 
causes, but that tiiey are the result of a mechanical ne« 
eessity. 

But this doctrine, so improbable in its own nature, 
receives little or no support from observation. The 



mtijsples of t^e abdpmeii are not generally during expi« 
ration in that teipuse s^tate, which their pout|:^tiaa to (he 
extent supposed wpuld render necessary. Nor do t;|^ 
abdominal viscera appear tf^ sustain grea^ljer pressure 
during expiration than at any other period. 

In cases of great inanition and collapse of the ^owels^ 
the cQOtl^GtioD 9f the abdominal mnsclcs« by bringing 
diQse muscles qearer to the dir^tion of straight lines, 
fiassing bftwieen their attachments — :the brim of the 
pelvis and d;ie lower ribs, would not push the viscera of 
the abdomen agaiqst the diaphragm i but by eidarging 
ihe cavity pf the bqlly to. a capacity beyqnd ^hat which 
these viscera required, would draw them from the low^ 
aur&pe of the diaphragm. When the bowels ai:e found 
jiro^ilded in consequence of extensive yvounds ip the 
belly* respiration proceeds for some tin^ without more 
jnterrup^ion thap may \^ supposed to be derived from 
pain* B|it the 4i^t?<'^ni ip these ca^es could not be 
if^vated by thep^e^sgre of the d^4^minal muscles, whicb^ 
4uring th^ir contraction, would ipore easily displace tjie 
bowelsi to a greatcir ,^tent th§^ elevate the diaphragm. 
Xa cas^ of itpp^H^g and in the numerous experiments 
which have been made upon the lower animals, it is 
found that respiration may be performed for a consider- 
able time, after the abdominal muscles have been divid- 
ed, or altogether removed. After death even, when^ 



io dissection, the abdominal muscles have been divided, 
and tbe viscera bav6 been (!aken from the cavky of chef 
beliy, the diaphragm is observed to preserve a great 
convestity^ attended with a draih^ike tenseness, towards 
ike chedtr 

U w^ eonei^r how improbable if ii, that a perpetual 
iboA invariable alternation in the actions of the abdomi- 
oat miiBcles and diaphragm should proceed from the 
supposed eabies ; that a docfritae) §6* incredSbte m itself 
receives little sUppdrt' from obsettaKion ; and that did 
effect, which is supposed in all cases to arise from this 
cause alotie^ ie certainly prdduced iii eifcui^staireei^ in 
which that c^use cannot operate ; we ^ay conclude whh 
tbe utmost safety, tliat the eonfratction of tfie abdominal 
muscles is not necessary to the elevation of the diaph« 
ragm^ and diait, in general, it has no shai'e in that ^ct. 

r 

A9th^ eanses^to which the asceht of the ditiphra^m 
]fi attrBmied ki tbe fblloi^mg pliges, are altogether dif«> 
k^rmki from diode to which* that movement has hidieito 
been ascribed by physiologists 9 as th<fe6 causes are sup** 
posed to disciharge an' importaiivt part^ ilot only in the 
prdoesB of breadiing ; but also, in tbe cltcaladon of the 
blood ; in the production and regulation of animal hea^, 
antd in other functions of the living machine ; aiHl as 
these are subjects, about which it may reasonably be sup- 
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posed that many personsi not of the medical profession, 
may feel a strong interest, but about which they are 
at present surprisingly ignorant and indifferent, in con- 
sequence chiefly it is supposed of the unsatisfactory 
nature of the received doctrines themselves, and of a 
hopelessness of reaching these subjects through a lan- 
guage exclusively professional, and singularly obscure ; 
it seems necessary to give a more minute description of 
the parts concerned, than may appear requisite to the 
medical student, and to study the use of a language as 
plain and vernaculer as the subject will admit of. 

It is hoped that any reader, who is acquainted with the 
structure of any ordinary piece of machinery, will have 
little difficulty in understanding the following pages. 

The thorax or chest, denominates the upper part of the 
trunk of the body. The structure of the thorax is 
chiefly of bone ; the ribs and the inWcostal muscles 
form its lateral defences ; and the breast bone and spme, 
to which the ribs , are connected by cartilages and arti- 
culations, guard it before and behind. This bony dr- 
cumvallation is widest at the bottom, and becomes gra- 
dually and pretty uniformly narrower as it approaches 
the top. It is, therefore, properly said to resemble a 
cone. Strong muscles and ligaments, passing across 
from the upper ribs to the cervical vertebrae and to the 



bead, close the oontr^Msted apex, leaving only a passage 
for the trachea, or windpipe, oesophagus, or gullet, and 
blood vessels, which are at all their entrances into the 
chest securely attached on every side to the surrounding 
structure. He floor of this cavity is formed by the 
diaphragm, a broad muscle which bisects the trunk of 
the body transversely and separates the chest from the 
abdomen or belly. The oesophagus again passes out of 
the chest on its way to the upper orifice of the stomach 
through the diaphragm, which is also penetrated by two 
large venous and arterial trunks. Both the oesophagus 
and the blood vessels are on all sides firmly bound to the 
diaphragm in their passage through it. The cavity of 
the thorax, therefore, is every where securely enclosed 
and is pervious only through the bores of the blood ves-* 
sels and other tubes which enter it at its apex and base* 

The structure of the whole of the diaphragm is mus- 
cular, excepting a circular portion in the middle, extend- 
ing to the anterior edge, which is tendinous-. In the 
living and sound body, and after death, except when that 
has been occasioned by peculiar diseases, the diaphragm 
swells up a considerable way into the chest, exhibiting a 
great convexity on the upper surface and a corresponding 
concavity on the side facing the abdomen. 

The heart which will be more fully described, i^ 
c 
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inclosed in a strong tendinous undilatable bag, called by 
anatomists the pericardium. The surface of the heart is 
every where free and unattached ; but th& pericardium 
is connected to the tendon of the diaphragm on which if 
rests by a broad and strong adhesion. The trunks of thc^ 
large blood vessels, in proceeding from the fundus of 
the heart, penetratelthe pericardium, become firmly bound 
to it all around, and receive a covering from the exten- 
sion of its internal membrane. As no substance inter- 
venes between the pericardium and the heart, that en-> 
velope necessarily assumes the form of this organ. 

The other contents of the chest are the lungs, the 
thymus gland which is almost obliterated in the adult» 
the cesophagus or gullet, to which it affords a passage 
from the throat to the stomach, blood vessels, nerves and 
some membranes. 

The windpipe immediately after it has passed from 
the neck into the confines of the chest, divides into two 
branches, one of which pursues a direction to the right 
and the other to the left side. Each of these branches 
subdivides into a number of smaller branches, which 
iigain ramify, and again become stems of fresh ramifi- 
cations ; till at last they become extremely minute and 
multiplied. The ramifications of the divisions of the 
trachea are called bronchia or bronchial vessels ; they 
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ace also called air vessels. The first ramifications of the 
bronchial vessels continue for some time to preserve the 
structure of thar original trunk, the windpipe ; they are 
formed by a succession of cartilaginous rings^ which are 
connected to each other by strong elastic menibraneous 
tubes, and which are so constituted thattiie lower cing will 
passiptp the cirqumfer^ce of that immediately above it. 
The rings are not cartiilagiuous all around^ but at one 
part of tjie circle are composed of ^elastic membranest 
and mi^ easily* therefore! becon^e of a larger or a less 
diameter. The ramifications of the brondiiay at lengthy 
as they become minute, drop their cartilaginous structura 
altogether wd become solely membraneous and termi^ 
Date in cells* These cells generally form clusters whiclf 
are called lobulest and which each bdong to some divi* 
sion of the bronchia* Inflation proves that the conrnatt* 
nioation between die cells of each lobule is f nee, but that 
b9tw0e^ the cells of one lobule and those of another 
<Kfficult, though not impracticable. A cellular substance 
ooGHpies the iiiterstices between the bronchia and cellSf 
and sarronnds each of the lobules. 

The two original divisions of die trachea form, with 
tbeir ramifications and connecting substance, distinct 
and separate lungs, called from their situation right and 
left, or right and left lobes of the lungs. Each of thes!? 
lobes is surrounded with a cellular substance, and^ as has 
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been remarked, is inclosed in a duplicatare of tbe pleura, 
the membrane which lines the internal cavity of the 
chest. The two lobes of the longs are, besides, divided 
from each other by another folding of the pleura, which 
is called the mediastinum, and which is placed vertically 
in the middle of the chest between the breastbone and 
the spine* The two laminsB or plates of wbicfa- this par" 
ticular folding of the pleura is formed, are conniected at 
their insertions into the spine and breastbone, but in the 
middle and towards the bottom they separate and in«^ 
close the pericardium and its contents. This inclosure 
is formed chiefly by' the diverging* df the left phte of 
the mediastinum. There are, thc^fore, in the chest 
three distinct compartments, one on each side of the 
mediastinum, containing the right and left lobes of tbe 
lung, and the third in the middle forming a space for 
the heart. The lungs, therefore, are separated from the 
pericardium only by a single plating of the mediastinum, 
a thin transparent, flexible membrane, easily dilatable, 
scarcely elastic, and on the leftside, especially, lying loose 
upon the pericardium and surrounding it like a^iekl. As 
far, therefore, as the afibrding on one side or the other, 
any support against pressure, or defence against injury, 
may be considered, the laminae of the mediastinum in 
contact with the pericardium may be regarded as 
nothing. 
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The shape of the lungs is not unfitly compared to that 
of the foot of an ox reversed. They are firmly bound 
to the top of the chest, but are at all other parts free and- 
unattached. As no substance intervenes between the ex- 
ternal surface of the lungs^ and the walls of the thoracic 
cavity, they may be said to be suspended in vacuo.*— 
They are exactly ^ adapted to all the inequalides, and to 
the constantly varying dimensions of this cavity, by the 
weight of the atmosphere pressing upon the internal 
sorfaoe of the bronchia through the trachea* 

ne sdbslaiiee of die lungs is powerfully elastic. Thie 
is admitted by aU atiatomists. If a piece of the substance 
of the lungs be taken while its structure is still perfect^ 
and stretched into doid>Ie or treble its ordinary length, it 
will, upon tbe removal of the distending force, resiKate 
briskly into its former dimensions. This property was 
eosfid^tly to have been presumed from the cartilaginous 
and ligamentous structure of the bronchial vessek. , 

From die moment that the first inspiration is drawn 
by die infant to the dose of life, and after it, so long- as 
the structure of the frame is uninjured, the lungs we 
swdled into a forced or unnatural state of expansion ; 
that is, they are distended into dimensions far more 
ample than those which they would assume, if all force 
or restraint was withdrawn from them. The power by 
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which they are kept in a oon9tant state of fwced dilata- 
tiooy is unqaeationably* what has been stated^ the weight 
df the atmosphere. 

As it is of the utmost importaaoe in this idqairy» that 
the opinion now advanced respecting the <^dinary ooodi- 
tion of the lungs, should be clearly and satirfaetorily 
proved, it will be necessary to enter fully into the iffgn- 
ments by which it may be supported* 

The lungs at or soon after birth, in consequence of the 
increase of (he thoracic cavity, occasioned by liie depres- 
sion of the diaphragm and other changes which take placed 
are dilatfed into mudh lafger dimension^ than those 
lehich were assigned thein before biftbt It was tohliva 
beeii presumed from the structure of the lu^gs^ that this 
augmentation of bulk would be accompamed by a stfcfteh^ 
ing of the elastic substance beyond its oifigkial^ and in 
all probability, natural state* 

This presumption is fully confirmed by esperienee* 
If an dining be made into the cavity of th6 ebest> 
through any part of the walls, the lungs immediately coL 
lapse, and return nearly to the dimensions whicdi they 
would have occupied before birth ; only makiog albw* 
anoe for their actual increase by growth of substaneet 
which may be supposed to correspond with the difference 
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between the bulk of the body at the time the opening nmy 
be madoy and that of the unborn fcetus. By such an 
opening, both the external and internal &ur&oe of the 
bronchial vessels, are equally subjected in every position 
to the presBure of the atmosphere ; and the lungs have» 
therafore, full freedom to assume the form and dimen* 
dioDs which their structure may have made natural to 
them. 

The ooUapsing of the lungs is, in this experiment^ 
genmdly imputed to the admission of the weight of the 
atmosphere upon the external surface of these organs ; 
and this is certainly true. But unless there were some 
other cause, the effect could not be produced. For thepres* 
tore of the air b equal both iatmially and externally* The 
i^pectfio gravity of the substance of the lungs, may in 
some conditions of the body,, have a certain share in the 
production of the phenomenon, but it must evidently be 
very small. Indeed, the collapse is equally complete 
when the chest is erect, and when the ^)ecific gravity of 
the substance of the lungs must fovour the distention of 
those organs. 

In otdev to ascertain the strength of the collapsing 
effort of the lungs, the following experiments were de- 
vised. 
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On the 30th of March, 1815, the windpipe of a bal^ 
lock which had been newly slaughtered, was laid bare 
from the larynx to its entrance into the chest. It was 
divided transversely near the top, and dissected from 
the other parts as far as the chest. Ihe bullock was 
placed upon his back, with his shoulders higher than his 
buttocks* The windpipe was then bent into a pitcher 
full of water, so that the top of it reached ten ipcbes 
below the surface of the water. An opening was then 
jkiade into each side of the chest to admit the air. The 
sound of the air passing through the orifices into the 
chest, was distinctly heard for some seconds, without 
the surface of the water in the pitcher being in the least 
agitated. In my impatience I raised the windpipe about 
two inches, when bubbles of air issued from the surface 
of the water, and in a few seconds subsided, after which 
another strong ebullition prevailed for a few seconds 
more. 

On the 4th of the succeeding April, the windpipe of a 
sheep, which had be^n just killed, was treated exactly 
in the same manner with that of the ox, in the above 
experiment. The sheep was supported on his hiod 
quarters, with the chest in an erect posture. A piece of 
lead was tied to the end of the windpipe, and sunk in 
a pitcher full of water. The windpipe was then fixed 
in the water, so that its top was immersed under the 
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surface of the water, to the depth of seven inches. Two 
orifices were then made into the chest> one on each side. 
After the air had been distinctly heard issuing through 
the openings for about 20 seconds, a bubble of air was 
observed to escape from the surface of the water in the 
pitcher,' into which the top of the windpipe had been 
sank, and in about four seconds more another rose. As 
the sheep was very fat, and the orifices small, the air did 
Bot enter into the chest freely. The openings were enlarge 
ed, when immediately the surface of the water in the pitcher 
was violently agitated for a few seconds, as if it had been 
boiling strongly. 

On the 12th of the same month another sheep, newly 
slaughtered, was treated in the same manner, only that 
the end of the divided windpipe, instead of being insert- 
ed into a pitcher of water, was firmly tied so as to pre- 
vent the escape of any air from the lungs* Openings 
were then made into the chest; the lungs collapsed briskly 
as in the other instance, but it did not recede within 
their lowest collapsing dimensions ; for after some time 
the ligature was removed ; air escaped ; and the lungs 
gradually collapsed still further. 

These experiments decidedly prove that, in any situ- 
ation in which the fabric has not been injured by disease 
or violence, the lungs are always in a state of forced 

D 
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expansion ; that, when relieved from the ajSfency of those 
powers by which they were expanded, they recede into 
their natural and comparatively narrow limits, in oppo** 
sition to no inconsiderable resistance ; and that they evi- 
dently derive the power of contraction, as it is retained 
long after the extinction of life, from a property inherent 
in their structure. 

The weight of a column of water of seven inches in 
height, which the contractile power of the lungs balanc- 
ed in these experiments, though it may be considered 
as valuing the elastic force as it exists in the lungs to- 
wards the termination of its long range, is not by any 
means to be taken as the measure of the momentum 
with which the lungs would resiliate at the stages of 
fuller dilatation and particularly at the stage of full insipra- 
tion. For the powers which are required to stretch any 
elastic substance must bear some proportion to the ex- 
tent to which that substance is to be stretched. Greater 
force would no doubt be necessary to stretch such a sub- 
stance to treble than to double its ordinary length, and 
the momentum, with which it resiliates, would bear, at 
the different stages of its extention, a certain proportion 
to the multiple of its original length at those stages. 
The measurement of the resisting force, which the lungs 
possess while the walls by which they are enclosed have 
beer, uninjured, is not ascertained by these experiments ; 
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for the air upon which this force acted, is a fluid easily 
compressible ; and, before such a degree of elasticity, 
as would support a column of water a few inches in 
height, could be given to the air in the lungs by com- 
pression, the volume of this fluid must have been great- 
ly diminished ; the dimensions of the lungs in conse- 
quence proportionably decreased ; and the intensity of the 
elastic force greatly reduced. These experiments there- 
fore, do not afibrd any measurement of the force with 
which the lungs collapse at the comencement of that ac- 
tion » or, in other words, the proportion of the weight of 
the atmosphere which is employed in dilating them to the 
8tate in which they exist in life ; but, from the degree 
of elastic power shown by these experiments to be pos* 
sesed by the lungs towards the termination of the long 
range of that elasticity we may infer its very high amount 
at the utmost extent of that range* 

The experiments now detailed, though they prove the 
existence of a power of considerable extent, derived from 
the elastic or resilient effort possessed by the lungs in 
the condition in which they are placed in the living and 
sound body, supply therefore uo grounds from which the 
extent of that power may be estimated. At the distance of 
several years from the publication of the first edition of 
this work, I institutetl a series of experiments, by. which 
it was hoped the amount of the resilient power of the 
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iungs of various animals might be correctly calculated. 
The attainment of this object appeared the more desire- 
ablci as I found that very erroneous deductions had beeti 
made, from the experiments which have been detailed ; 
deductions which, at the time of the publication, I sus- 
pected might be made, and endeavoured, though without 
the success I wished, to prevent. The weight of a col- 
umn of water of seven inches in height, which was proved 
to be overcome by the ebulitipn which took plac^ on the 
surface ot the water, in which the windpipe of an ox had 
been sunk, while the lungs were allowed to collapse by 
the admissiou of air into the chest, was held by writers 
of eminence to fix the amount of the elasticity of the 
lungs of that animal. \ The power demonstrated was 
stated to be so inconsiderable as not to warrant the effects 
&at had been imputed to it, in the *^ Treatise of the Mo- 
tion of the Blood, and on the Process of Respiration ; " 
and was not more than was rationally to have been ex- 
pected to arise from the specific gravity of the lungs in 
certain positions of the body, without any regard to a re- 
silient property. It must be remembered that the air cod« 
tained by the lungs, and, in the experiment in question, 
enclosed between the confines of the lungs and the water 
into which the windpipe was inserted, was an elastic 
fluid ; before, therefore, it could balance the weight of a 
column of water of seven inches in height it must have 
been compressed to a great extent. It is the amount of 
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the compression alone that is measured by the experi- 
ment above detailed, and not the amount of the forde by 
which that compression was produced ; for the same 
amouQt of compression would support the same column 
of water from whatever cause that compression was pro- 
duced. The existence of a resilient effort in the lungs 
is proved by these experiments, but the extent af it is 
left by them entirely unascertained. 

It appeared to me a matter of great importance to as- 
certain, if possible^ the resilient effort actually possessed 
by the lungs in the state in which they exist in the living 
and sound body in different animals and in different stages 
of Its existence in the same animal. A simple, but as 1 con- 
ceive a very effectual, method of attaining this object, was 
contrived in the year 18 17* An account of these ex^ 
periments was transmitted to the Royal Society and was 
printed in the Philosophical Transactions for 1820. 

For the purpose of these experiments, an apparatus 
of glass, of the following simple construction, was used. 
An oblong glass globe, containing nearly two quarts, 
had tubular openings at each end, A and B. (Plate.) 
A glass tube, nearly three feet in length, and bent at 
one end, was joined by the blowpipe to the opening at 
B, and is represented by B C. To the other opening 
at A, t shorter tube was joined in the same manner. 
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and in the same form AD. A free passage was esta^^ 
blished from D to C, where the tubes were both o|)ei). 
To D, a piece of dried gut of some small anims^l was 
bound, of a few inches in length. The other end of 
the gut was fixed to a cylindrical tube of bone, metal, 
or wood, also a few iuchr;s in length, and of a diameter 
corresponding with the diameter of the windpipe of the 
animal which was to be the subject of the experiment. 
The windpipe of an animal, which had been recently 
killed, was divided across near the throat, and separated 
by dissection from the rest of the neck, nearly to the top 
of the chest. 

The fiist experiment was made on the S7th of August, 
I8I79 on a cat, which had been hanged the day before. 
A small cylindrical tube of bone attached by gut to the 
end of the glass tube A D, was inserted into the wind- 
pipe, which had been prepared in the way described, 
and which was tied to the cylinder so tightly, that no 
air could pass between the external surface of the tube 
and the internal surface of the windpipe. An open and 
secure passage was thus established between the glass 
apparatus and the windpipe, and of course the lungs of 
the animal. Water was then poured into the apparatus 
at C, until it stood in the upright tube C B, at the 
height of eleven inches above the level of the water in 
the glass globe. An opening was then made through 
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the chest of the animal on each side, and the air admit- 
ted into contact with the external surface of both lungs. 
The water instantly sunk about two inches in the up- 
right tube and the lungs were gently pressed out at the 
openings. Hence it was inferred, that the spring given 
to the air by the pressure of a column of water nine 
inches high, was stronger than the elasticity of this 
animal's lungs expanded to the dimensions of the chest. 
To my surprise and disappointment, the water began to 
sink still lower in the glass tube, and stood at last at the 
height of an inch above the level of the water in the 
globe ; and the lungs at the same time gradually collapsed. 
Water was again poured into the upright tube, till it 
stood for a few seconds at the height of nine inches 
above its level in the globe, and the lungs again filled 
the chest. Upon applying the ear to the openings, the 
cause of the collapse of the lungs was discovered. The 
sound of air was distinctly heard pressed from the lungs 
at the openings. Hence it was concluded, that the pleura 
pulmonalis had been wounded in opening the chest. 

Od the 28th of August of the same year, a bullock 
recently slaughtered was made the subject of experi- 
ment. The same apparatus, using only a pipe of larger 
diameter inserted into the larger windpipe of the animal, 
was applied as in the preceding case. Water was poured 
into the upright tube at C, until it stood at the height 
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of one foot above the level of the water in the globe, and 
at that of four inches from the top of the tobe. Open- 
ings were then made in the chest to admit the air. The 
water instantly rose in the tube two inches higher, and 
remained stationary at that point. The lungs, to ap- 
pearance, were nearly collapsed to the usual degree. It 
was evident, from the ascent of the water in the upright 
tube, upon the chest being perforated, that the spring 
given to the air by being compressed by a column of 
water twelve inches high, was not sufficient to balance 
the elasticity of the full dilated lungs of this apimal. 
Water was poured into the apparatus till the tube re- 
mained filled. The lungs, with this additional pressure, 
still continued much shrunk. As the height of the tube 
was not great enough to ascertain the extent of the pres- 
sure necessary to balance the resilience of the laiigs of 
animals of this size in the state of their usual expansion 
in the living body, an alteration in the apparatus became 
necessary. 

On the 11th of September, 1817, a bullock was 
made the subject of experiment^ with an apparatus of 
the same kind, but with a taller upright tube. Water 
was poured into the apparatus till it stood in the upright 
tube twelve inches above its level in the globe. ~ The 
thorax was then opened. The water instantly ascended 
an inch and a half, and remained stationary. More 
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water was then poured into the apparatus ; but when if 
had risen an inch higher in the tube, the globe was found 
to be full. A further alteration therefore in the appara- 
tus becomes necessary, before the resilience of the fully 
£alteiided- lunga of an ox can be ascertained ; for the 
liittgs ednfimnd ^rank to a considerable degree, in op- 
position to the spring of air compressed by a column of 
water <^ fourteen inches in height. 

On the same day another bullock, with a less capa- 
detltf ehest» was made the subject of experiment with the 
same apparatus. Water was poured into the apparatus, 
as in the preceding instances, till it stood sixteen inches 
above die le^l of the water in the globe. An opening 
nva- then made into the abdomen. A foM of the fleshy 
pot (tfAo diaphragm was then drawn down on each side, 
and care beiag taken that no part of the lung was in- 
dodel in the foM, it was cut into. The sound of a cur- 
rent of air pressing through die openings into the chest 
was distincdy heard, and the water in the upright tube 
rose instantly to the height of eSghteen inches above the 
level of the water in the globe. The diaphragm, be- 
fore the openings, was still tense, and slightly concave 
towards tlie beHy ; but after that» it became lax, wrinkled 
and flat. Some additional water was poured into the 
apparatus ; but we were prevented in this case, as in 
the preceding, from ascertaining the amount of the force 

£ 
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requisite to distend the lungs to the dimensions which 
they usually occupy in the living animal by the deficient 
capacity of the glass globe. 

By these experiments I think it is clearly ascertained^ 
that the spring of air compressed by a coluoan of water 
ot a foot and a half high, is not equal to the resilience 
of the lungs of an ox, at the usual stage of their dilata* 
tiout 

In all these experiments, the oxen were placed upon 
the back with the shoulder raised a little above the rest 
of the body : some share of the collapsing effort of the 
lungs might be imputed to their specific gravity. But 
when the levity of the. lungs is considered, and also that 
they were observed not to shrink more from the breast 
to the spine, than from the diaphragm to the neck, in 
opposition in this case to gravity, and that their dimen- 
sions were not increased, nor their form varied by any 
change of position ; Kttle of the resistance which the 
lungs, made to the spring of the contained air, is imput- 
able, I think, to their specific gravity. 

On the l6th of September, 1817) the apparatus was 
applied to a calf. When the water in the upright tube 
had reached the height of fourteen inches above its level 
in the globe, the lungs appeared to be distended to the 
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fdl capacity of the chest. Upon cutting off the com- 
munication between the apparatus and the animal, the 
water instantly fell to its level, and the lungs shrunk into 
very small dimensions. The animal, in this experiment, 
was placed with the chest erect, so that the shrinking of 
the lungs upwards from the diaphragm to the neck, and 
which was observed to be as great as in any other di- 
rection, must have taken place in opposition to the spe ' 
cific gravity of the lungs. 

In almost every experiment in which the chest was 
perforated by a sharp instrument, the lungs were found 
to be wounded, and the object in a great measure de- 
feated. In the experiment about to be described, and 
die last which will be detailed at this time, great care 
was taken to prevent the accident now mentioned. 

On the 3 1st of October, of the same year, the appa- 
ratus was applied to the prepared trachea of a dog, which 
had been hanged on the preceding day. Water was 
poured into the apparatus nndl it stood in the upright 
tube at the height of six inches above its level in the 
globe. The abdomen of the animal was opened, and the 
diaphragm freely exposed. A part of the muscular sub- 
stance of the diaphragm was drawn down in a fold, 
which was done without difficulty ; and care being taken 
that no part of the lung was contained in the fold, an 
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iacision was made into it. This was done ou both udes. 
The water ascended instantly abot^t an inch in the up* 
right tube» and the lungs were found to have receded 
from the openings* Water was poured into the appara^ 
tuSy until its level in the tube stood above tliat in die 
globe at the height of ten indies. The openii^ in the 
diaphragm were carefully extended along the ohes^ and 
the lungs exposed freely to view. They were uoiw ap« 
parently dilated to the boundaries of the chest. In this 
experiment, the water in the tube remained steadily at 
the same height, and the lungs coatiuued fnUy dilated* 
In those experiments in which the water was ohserriedr 
to descend slowly, and the lungs to cdQapse gradually^ 
it is very evident, that the lun^ must have bei^ wonad^ 
edi so as to allow some air to escape thropg^ die pleui^ 

The appearance which the lungs exhibited in this situ* 
atioQy was novel and interesting, a^d was no doubt the 
same which they would have exhibited in the living hodyr 
bad it been possible to bring them into view« Their 
surface was smooth and polished, and their edges rwad* 
ed, without any of those corrugations and shai^ angles 
which they usually exhibit Their color was red, and 
life-like» They felt firm to the touch. The heart ap- 
peared like a bnrd nearly covered by its neat* 

The state of the diaphragm in liiis experiment wns 
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fviorlhy df remark* fiefore the iDeikioM vm^ made into 
k, it 6tiU exhibiled a degree of concairity totvArde the 
beHy, but not with the eaane degree of teneeiiees whiidh 
it 18 geoerelly observed to poeseee ; for a fold of it waH 
taikeii with ease, wbiefa ia ordmary eaiee^ befofe thi$ 
okeet has been opened^ ift dMie ^h diflficutty. Ae soon 
ae dM opemngB were tnade iaio the tliaphmgrn, it beeame 
laZy £at» and corrugated. 

FreqmBt repetitioM of these ezpaJmdlitSi and nMsh 
care and aooiusey in conducting them, wo«ld %e r^iArifdi 
hefore the a»oant of the iMilieBce of the liftig8» in alt 
the conAtums in which tt may be ^opposed to eicisly 
eonU be eetimalad. But defective as these eficp^lMfltt 
in some iBqpcets wm, the objeet for wbieh th^ wdNy 
mstituted, seems te have been folly attained by flieMt 
In the Inqmry into the Caoaeti of die Motidti of ib^ 
Bloody it was contended, that the dastie snbstaty^ of 
the Isngs in consequence of the degree tA whinb that 
snbrtance was stretched in the living bcydy, genemtfed # 
pennanent power of greal extent, and that thi^ poWt^ 
WW employed by nature to circolate the Uoi>d| and fo 
carry on the process of respiration* The existeiiotf df 
this power was inferred, from the elastic property di 
the substance of the lungs themselves ; from the space 
which those organs most fill in the living body |^ ft6m 
the pheoaoienu exUbited upon opeding Ae chest 
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admitting the external air ; and from the ebullition on 
the surface of the water into which the inverted wind- 
pipe of an animal had been inserted, as soon as the lungs 
were allowed to collapse. In the various examinations 
which my opinions have undergone, the existence of 
this power has been admitted, and the claim to priority 
in the detection and application of it, freely conceded to 
me ; but it has been contended, that the amount of it, 
in some instances, is inconsiderable, and consequently 
ihat the effects ascribed to it have been greatly over- 
rated. By these experiments, the power has been proved 
to be greater, than my anticipations even made it, and 
folly adequate to all the important offices which I have 
venturlad to assign to it. From a defect in the appara- 
tttSy the extent of the power in question/ could not be 
ascertained in the lungs of oxen aud animals of their 
size ; but it was proved to exceed considerably, the force 
necessary to support a column of water of a foot and a 
half in height above its level. In calves,^ sheep, and in 
large dogs, the resiliency of the lungs was found to be 
balanced by a column of water, varying in height from 
one foot to a foot and a half ; and in rabbits and cats, 
by a column of water varying in height from six to ten 
inches. 

It has been stated, that, during the life of the animal, 
and after death, until an opening shall have been made 
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into the cavity of the chest, the diaphragm assumes the 
form of a conci and that the causes of this phenomenon 
would be afterwards pointed out. The brief explanation 
which is now to be given of this appearance, will afford 
at the same time, a perspicuous view of some of the im- 
portant purposes to which, in my opinion, nature has 
turned the elasticity of the lungs. 

While the chest is in a sound state, a balance of at- 
mospherical pressure ponderates against the external 
surface of its walls ; or these are pressed inwards more 
tiban they are pressed outwards, by a given weight. 
The shell of the chest possesses suflScient stability to re-' 
sist this pressure without changing in any considerable 
degree its foim and capacity at all parts, except at the 
base, or diaphragm ; which being muscular, pliant, and 
of a more extensive area than that of the transverife sec- 
tion of the chest, is, in consequence of the greater weight 
sustained by its outward or inferior surface, necessarily 
pressed, or, in popular language, sucked upwards in the 
form of a cone. The extent of this cone will be neces* 
sarily regulated by the extent of the area of the dia- 
jAragm, compared with that of the area of the trans- 
verse section of the chest. But the contraction of the 
muscular fibres of the diaphragm diminishes its area, and 
reduces it to a nearer equality with the area of the trans- 
verse section of the chest, and thus diminishes the mag- 
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aitfide of tbe dio|>bra^matie coney atid in. an iii.ircrs(B pro* 
poriiqU' eujiarges the boundaries 06 the cbesl. Bue the 
diaphragfBy at the svcceediag rda^cation. of ite fibres; is 
rest0^d; to its forns^r di^oieosioos ; becomes cafiabhs of 
being swelled into a larger cone ; aad^ by this eneroaeh-^ 
oaeaty reduces this booiidarieQ of the ebest to their foDiner 
limits. 

Two powers are therefore eoneeroed in regtdadng the 
mpvemepts and in varying the dinaen^onsr and form ofr 
tb^ diaphragm, the elastiaity of the lungs^ and the conf> 
tractile power of the muscolar fibres of the diaphragm* 
Of these powers the one is pernoanent and; equable, the 
olher variable and exerted, at intervals* The contractiie 
power of tbe diaphragm, when fully exerted^ is evideotly 
miiph stronger than its antagonist, the resilience of the 
lungs ; but the latter, not beiiig subject to exhaustion^ 
takes advantage of the the necessary relaxations of the 
form.er, and rebounding, like the stone of Sysypbus^ rc'-^ 
cov^rs its lost ground^ and renews thd toil of its nMMne' 
powerful opponent* 

Breathing is in a great measure the. effect of thisfiu^' 
temiinable coutest between tbe elasticity of the. lungs 
and the irritability of the diaphragm. 

The cause of the successive contractions of the dia«- 
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pbragm, in those cases at least in which the will is dq.^ 
concerned^ seems to admit of the following esplanation« 
A permajaent and invariable load is sustained by its 
lower sorfaoe* By this load the relaxed muscular fibres 
be^me stretpbe^ tp a degree which at length becomes 
p^^ulj and stimulating. To relieve itself from this irk- 
sQjijoe burden^ the diaphragm is roused to contraction } 
but this contn^stile power, agreeably to the laws of mus* 
culari^, is 9009 eadi^usted» and falling into a quiescent 
8tate» allows the. painful and stimulating distension o^ 
the relaxed fibres of the dii^hragm to be again renewed. 
From the irksomeness of this condition it relieves itself 
by a frei|h contraction. Thus, by the alternated supe* 
riqri^ o| two powersji on the balancing of which life it- 
self depends, the chest is successively enlarged and 
dii^q^hed, and air alternately expelled and inhaled. 

Sfifcb is the prcjcesa of respiration, so far as it depends 
01^ tfa^ moivemept of the diaphragm } but according to 
a |]|^ovisi^n very common in the animal machine, this 
important office is not intrusted to one class of organs 
alone, but has a double class assigned to it. The ob- 
jects obtfpned by this provision are, in the first place, 
that by the united action of both dasses, the function 
may, in the most healthy state, be more efficiently per- 
formed ; and, in the second place, in case of the destruc- 
tion or deficiency of one class, it may be still continued 
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wholly or chiefly by the other. The second class of or« 
ganSf as they may be called, discharge their office by 
alternately increasing and diminishing the width of the 
chest. This class comprises the intercostal muscles, or 
short muscles, which pass obliquely between the nbs, 
and have one insertion in the lower edge of one rib and 
Ae other in the upper edge of that next below it, and 
several of the muscles of the chest; and the antagonists 
of these agents, the cartilages, which unite the ribs to 
the breastbone or to each other, and the lungs. 

By the contraction of the intercostal muscles, the ribs 
are moved nearer to each other ; and, as the highest 
row, or tier of ribs, is fixed immoveably, the whole ex- 
tent of motion made by the contraction of the intercostal 
muscles, placed between the first and second tier of ribs, 
must be made solely by the ascent of the second tier. It is 
evident, therefore, but highly worthy of notice, that the 
range of movement performed by each tier of ribs, in- 
creases as they descend, according to an arithmetical p'^' 
gression. For the first tier being fixed, the second tier, by 
the contraction of the intervening muscles, is drawn nearer 
to it ; the third tier is at the same instant drawn nearer 
to the second ; and, if the second had been fixed, tbe 
extent of movement made by the third, would have been 
that only which is measured by the difierence of the dis* 
tance between the two ribs j but, as the second is at the 
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same moment drawn upwards, it is evident that the third 
tier has to move through a space diat is equal, not only 
to the difference between the second and third ribs, but 
to the difference between the first and second and second 
and third united. The same thing holds with each tier 
of ribs in succession, so that the lowest tier of all has, 
in the process of inspiration, to move through a space 
that is equal to the spaces united, through which all the 
higher tiers move in the same process. 

In consequence of the manner in which the ribs are 
hinged on the back bone, it follows that, when they are 
drawn upwards in the manner that has been described, 
by the intercostal and other muscles, they are necessarily 
turned outwards, or their convex ^ides are turned more 
directly outwards ; by which the space they inclose is 
enlarged* The extent of the movement in this direction 
increases as the tier descends. It is greatest, conse- 
quendy, in the lowest or false ribs, or those short ribs 
which are not united by cartilage to the breast bone, but 
to the ribs next above them. 

Since the lower ribs perform the greater movement 
which they have to make, in the same time in which the 
higher ribs have to make the shorter movement,it follows^ 
that the lower ribs ascend and descend with greater ve- 
lodty than that with which the i^pper ribs move. The 
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consequence of which is, an increase of power, or ^n 
angmentation of the force with which the lower ribs act. 
In inspiration, therefore, the chest is more powerfully 
and extensively dilated as it descends. Any one tnay 
be satisfied of the truth of this practicfiHy, by pldcing 
the hand upon the chest while he inspires. 

This view of the action of the intercostal muscles upon 
the ribs, has suggested the existence of a property be- 
longing to muscles, which appears to be of great im- 
portance ; but which, so far as I know, had not hither- 
to been noticed by physiologists. Every muscle %hiA, 
at one end has a fixed attachment, and at the dtb^ a 
yielding one, must increase in the velocity of it^ tuition, 
and consequently in the force of that action, as it ap- 
proaches the yielding attachment, according to an aritb* 
xnetical progression. When a muscle contnkM it is 
shortened ; every ultimate particle approaches t^eiu^er to 
that which is next to it, than it did in a state of rSltf - 
ation ; the particle in contact with the fixed attachn^enty 
approaches nearer to that attachment ; the partiole n^^ 
in succession, approaches nearer to the first, but in mak- 
ing that movement, it has not only to adviinoe through 
the space measured by the difference of distance b^twe^n 
the first and second particle in its contriictM stkte, c^"^* 
pared with the distance between the two particles in ^ 
dilated atate^ but in addition, through a space eqoiA to 
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that through which the first particle had moved. This 
holds with respect to every succeeding particle. So that 
the movement made by the last particle in a line of par- 
tides, is composed of the movements made by the first 
particle and the sum of the relative approaches made by 
all the succeeding particles. The velocity and power 
with which a muscle acts, will be augmented in certain 
situations, according to the length of that muscle. A 
power, similar and equal to that of a lever, is thus be- 
stowed upon muscles placed in situations often opposite 
to that in whidi the advantages of levers are obtained in 
dead matter. 

This subject will be prosecuted at greater length in a 
subsequent part of this work, when the causes of mus« 
cular motion will come to be investigated. 

As a contrivance, well calculated to give a more ex- 
tensive movement to the ribs, and, consequently, a more 
ample expansion to the chest, the oblique direction of 
the intercostal muscles deserves to be noticed. In con* 
sequence of this obliquity, the same proportion of con-* 
traction draws the substances, between which the con- 
tracting muscles are placed, nearer to each other, than 
would have been done by muscles placed at right angles 
to these substances. This property was first, perhaps, dis- 
covered, and exhibited in a popular, but probably in a 
sufficiently satisfactory way, by the late Dr. Monro, but 
was first demonstrated strictly by Sir Gilbert Blane. 
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It would «pp0ar from the preceding reasoniog, that, 
in oonsequen^se of the obliqaity of the intercoatal moseles, 
and necessary iacrease of their length, the same pro- 
portion pf cpntraction is made with greatfur velocity* 
than would be by perpendicular and shorter muacks ; 
hence the contraction of the intercostal muades, in con- 
sequence of their oblique direction, produces in the rfts, 
upon wluch thf y act, a greater range of movement* 
while that mpV0ment is made with greater vdocity, and, 
of course, power» 

It has been statad that a double set of organs belong 
to respiration. It happens very frequently in this coun- 
try, perhaps niore than in any other, that the lungs be- 
come diseased to such a degree, as to be deprived of 
their elasticityt Hiis may happen to one lung and not 
to the other, and to one portion of a lung« while the rest 
remains sound. When both lungs are deprived of their 
elasticity, the diaphragm is deprived of the power» by 
which, in ordinary circumstances it is elevated, and from 
that time ceases to have any share in the process of 
respiration. In this case, which occurs when the lungs 
become completely tuberculous and schirrous^ respiration 
is performed solely by the intercostal and other muscles of 
the chest, and their only remaining antagonist, the elas- 
ticity of the cartilages of the ribs. It occurs occasion* 
ally, particularly in old age, that the cartili^es of the ribs 
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lose their elasticity^ by being converted into inelastic 
bone. In that case, breathing is performed solely by 
the play of the diaphragm. In some animals» one set 
of organs are used almost solely, or more extensively 
than the odier. In animals of the chase, respiration is 
chiefly performed by the movement of the diaphragm. 
This is evident from the violent action of the flanks. 
The lungs of these animals are large, powerfully elastic, 
and little subject to disease. In the human species again, 
the second set of organs are much employed, which is 
evident from the fascinating heaving of the female chest. 

In consequence of the descent of the diaphragm, and 
simultaneous elevation of the ribs, it is evident, that a 
part of the pleura pulmonalis, that was opposite to, and 
in contact with, a part of the pleura costalis in the stage 
of expiration, will not be opposite to, and in contact 
with, the same part in the highest stage of inspiration, 
but will be opposite to a part considerably lower in the 
chest, and this difference between the parts of apposition 
in these stages, will increase with the descent of the 
chest. Hence arises a sliding motion of the surface 
of one pleura on the surface of the other pleura — a 
tnotion, which will be more extensive the nearer an ap* 
proach is made to the diaphragm. Hence it happen s, 
that in the healthy state of the organs of respiration, par- 
ticularly in the healthy state of the! lungs, no adhesions 
can take place between the pleurae. 
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The liiag$ tiliero30lves, like the organs of ret{)^atipR| 
of whibk tbejs catvititute an important p^t, ar^ dou)^» 
So that if i^m lung be rendered inefficient by di^ai^afe p^ 
otherwise, respiration may still be performed by tbf^ aid 
of the other lung only. He^ce it happensj that 0A9 
lung may be completely collapsed withomt a^jf^ VfffVh 
ent incoAvenieQee to the animaU I fomi by soinQ ^« 
perimonts which I made on animala. aome ye^^a agp> 
that the air oaay be admitted freely uppn the lapg of 
one aide, without the destruction of life* and ia4^ with 
perfect aa£rty* This proves that the iipisdmlMiwi j e( 
membrane placed between the two longs, and dividing 
the chest vertacally, is sufficiently tense ^^4 stroi^ to 
be a wall to either of the, lungs, too powerful toM oycTr 
come by the resilimt effort of that lung,, and to aeeiiire tp it 
a space sufficiently ample to enable it to perform tfa.e pur- 
poses of respiration. A very striking and satief^e^ofy 
proof of this, and indeed as coiuslusive a ope as has yet 
been adduced^ of the extent of the pawer genectiAed by 
the elasticity of the lungs in a state of healthy is aupj^fd 
by the manner in which the Jews kill the animal i^r 
tended for their food. It is well known, that this pfK>* 
pie inll not eat the flesh of any animid that l^uis the l^lood 
in it, or that has had any disease, or maUfbrmatipii in 
its organs. A mode of killing animals dilJ^rent from 
that in use with christians, and a peculiar exaqaination 
for ascertaining the health a»d perfection c^ the organs 
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of tbe animal, are practised by them. To aqjNirate the 
blood as completely as possible, the operation of slangh- 
teriog commeDces with bleeding, which is done by di- 
viding all the vessels of the neck, iqcladtng the wind* 
pipe. In this situation the animal bleeds to death, a 
tedious, and apparently a very cruel process. The oper- 
ator, «rbo is generally the priest, or some person ap« 
pointed to this sacred duty, then proceeds to the waini* 
nation of the viscera. The abdominal cavity is first 
freely i^eoed, and examined. He next proceeds to ex- 
pmine the atale cf tiie thoracic organs. For this pur- 
pose, be midces a large incision through the diaphragm 

00 the riglit side. On the first occasion of tiiis kind at 
which I vas present, an ox happened to be the victim. 
Upon the incision being made through the diaphragms 

1 loud sound, like that produced when a large drum is 
stniek, was heard, for which I was not prepared ; and 
which startled me like the unexpected firing of a pistol. 
This swiid was occasioned by the rapidity with which 
the 1^ roshed iJirQugh the orifice to occupy the space 
left by the collapse of the lung. The sound being m 
this in#taace» rather louder than usual, was regarded by 
the qwrator as a prpof of tbe souqdaess of the thoraciG 
viscera. He next perforated the dia{diragm on Ae left 
side ; a sound, though not so loud as that following the 
first inciaon, was distifietly h^ard at some distance. The 
extent of the sound iu the first instance, proved the farce 
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and rapidity witb which the lang collapsed. The soand 
In tlie second iostance* of diminished extent, proved that 
the mediastinum had yielded to a certain degree, but that 
it had preserved its position so far as to check the force 
derived from the elasticity of the lung upon its Inside, 
after that lung had been slightly collapsed, and to pre- 
serve that lung in a condition fitted to carry on the pro* 
eess of respiration « 

It is chiefly to the motions of the diaphragm, that the 
respiration is to be ascribed ; though, as has been statedi 
in some animals, and especially in man, a consider- 
able share of this office is to be attributed to the inter- 
costal muscles. Those animals which are remarkable for 
swiftness and perseverance in the race, scarcely employ 
the intercostal muscles, but use the diaphragm almost 
solely in breathing. 

The action of the abdominal muscles, though not 
iiecessary, may occasionally be useful in respiratioo. 
When any substance lodges in the bronchi which is 
too tenacious to be separated, or too ponderous to be 
elevated by the powers commonly employed in respira- 
tion, the contraction of the abdominal muscles will in- 
crease the pressure against the lowier superficies of the 
diaphragm, and augment the velocity and the force 
with which the air passes through the bronchi and 
windpipe. 
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There may be aiso many diseases of the chest, in, 
which the action of the abdominal tiiuscles may be 
serviceable in respiration* 

lo no eireamstances almost, during health, can it be 
ssfiposed that the aid of the abdominal muscles is re* 
qoired to elevate the diaphragm ; as the elastidty of die 
longs is of itself sufficient for that purpose ; and, uu*. 
less it were counteracted by the residue of contractile 
energy subsisting in the muscular fibres of the diaphragm 
even during their relaxation, the cause might often bcf 
foaad too potent. In the act of sneezing, when the dia- 
{diragm, after a full contraction, is suddenly seized with 
a kind of paralysis, it is probable that the unresistitig 
fibres are protected from the injury which they would 
be in danger of incurring, in consequence, of the violence 
of the jerk to be sustained in their relaxed state from 
^he inequality of pressure, by the synchronous and al- 
most involuntary contraction of the muscles of the 
larynx, fieiuces, and mouth* By this contraction the 
free exit of the air is resisted ; the air in the chest confix 
Bed and compressed, checks the collapse of the lungs, 
and of consequence the ascent of the diaphragm* 

This defence however is not always effectual* Sneez* 
ing has been known to be suddenly fatal in consequence,, 
ashas been supposed, of the rupture of a blood vessel 
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in the obest, but more probably of ibe rupture of the 
dmpbra^m itself. 

The gf eat object of respiration seems to boy to bring 
a quantity of atmospheric air, for a given time, in eon- 
taot with the internal surfaces of die air veaaela of the 
longs. The most perfect respiration^ thereforey wmM 
iqypear to be that, in which the extmt of tliia wr&oe 
differs most considerably between the lowest atage of 
expiration and the fullest ins{Hration« This object will 
be most perfectly accomplished by augnMbting m inspi- 
ration the air vessels, both in diameter and ifi axis. 

Those air veiBsels whidi run in a longitudHniai di« 
reotioUy must be length^^ned in axis, by die depression 
of the diaphragm. Thero are two wap in vAUbt the 
same vessels may be increased in diameter. I'he first 
is by increasing generally the diameter oi the chest. As 
die contents of the blood vessels must be at idl times 
near^ die same, and as the other parts are fixed and 
undiangeable, the widening of the diest at any toctioa 
must be attended with a proportional inerease in die 
calibre of the air vessels at that section. So far as th# 
general diameter of the chest is augmented by the ele- 
vation of the ribs, in the same proportion must the di« 
ameter of those air vessels, which run from the i^^ex lo 
die base^ be generally increased. 
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Bat there it another wdy id which the saihe effeeti s 
produced, and which is particnlhrly necessary in those 
animals which breathe through the play of the diaphragm 
ttlone. 

The ehest fonld a cone with its apex towards th«f 
■eeky and its base fttoeing the belly. As the lungs are 
at all times in contact with the internal cavity of the 
diest^ and, as they are firmly attached to it at the apex, 
hrt at^very other part free, the depression of the dia-> 
jAragna orast be aoeoropanied wHh a lengthening of thtf 
langs to the sanie extent j and this extension, it is rea- 
sooable to suppose, must be distribnted equally through 
tile iriiole lengtb of the tangs } or every small portion 
of those organs most enjoy its own proportion of the 
iocrease. Any transverse section of the lungs, parallel 
to die base of : the chest, nnist occupy a lower position 
in the cheat, during fall inspiration than it did during 
Ae lowast stage of the preceding expiration. The area 
of thia transverto sedaon will be larger, and of cojirse, 
tke air veasids which run longitadinatly, will be wider 
tit that seolioii daring the former, than during the \hU 
tor state, in consequence of the conical form of the chest. 
The sir vesids^ Aerefore, whidi run in a longitudimd 
&eetioa» will be widened as well as lengthened by the 
depression of the diaphn^m ; and those which run 
transversely will be lengthened as well as widened by 
the same caase. 
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Hence we plainly dtsoover the important purposes 
which are served by the shell of the cheat bang in a 
conical form. 

It is evident that immediate death, or death deferred 
80 ]<mg only as it can be under the total extinction of 
breathing, is the consequence of openings admitting the 
air freely and uninterruptedly into both cavities of the 
chest. This conclusion, which is not only dearly de« 
docible from the structure and action of the organs 
concerned, but is supported by all the experiments which 
I have myself made, or with which I am acquainted, 
has nevertheless, been lately disputed^ or rather denied/ 
The denial is founded chiefly in this case, upon some 
experiments that were, som^ years ago, made by Dr; 
Williams and Dr. Traill, two eminent physicians in this 
place, and were instituted in consequence of what had 
been published, or advanced in conversation by myself* 
It was contended by these gentlemen, as a result of 
their experiments, that the expansion of the lungs in the 
living system, is independent of any diflerence of pres* 
sure upon one surface of the lungs ; that, in a word, the 
lungs possess the power of dilating themselves. This 
doctrine is rendered, in the flrst place improbable, by the 
structure of the lungs, which is of a powerfully elastic 
nature, as any one may be readily satisfied, by taking 
a piece of lung, of that large, irregular, pale red, spongy 
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masst daily seen in the shambles, snspended by the 
windpipe, and stretehing it ; the lang readily resiliates 
into its former length, as soon as the stretdniig power 
is withdrawn : and from the form of the lungs them* 
selfes, whidi are globular, and which supply no agent 
for expanding this globe, agmnst the tendency which it 
possesses to become of a less diameter. But it as been 
urged, that though reaapning may have weight when ap» 
(died to the dead lung, it may be <}uite otherwise with re* 
spect to the lung when pervaded by the principle of life ; 
and that, however plausible our reasoning may be, that 
reasoning must yield to the more powerful (eslaroony 
of experunenC 

With respect to the nature of the prindple of life^ and 
to the manner in which it sets its agents to work, we 
know nothing } but it is contended, that whenever a 
diecbanical effect is produced by it, it acts by the em«* 
ployment of physical agents* But agents fitted for the 
supposed purpose, are no where discoverable, ilmong 
the experiments detailed was one, and indeed the only 
one, from which any fair conclusions could be made, 
respecting the matter at issue, at which some gentle* 
men were present, who had become abettors of the doc* 
trines advanced by me. In this case, large orifices were 
noade between the sixth and seventh rib on each side, 
and the ribs were kept separate, by interposing the fiuf- 
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gers betw^n them* The animal « ^ivhich wiis I believe 
a dog, diied in two minutes ; that is, in the %\n\d daring 
which, as iias been stated, an animal totally deprived of 
breathing could live. What observations were made st 
the time» I do not know ; but in the published aooouDt 
of this experiment it was contended, that this was not « 
fiur experiment, in so far as that the auxiliary powers 
of respiration were withheld by the forcible separation 
of the ribs. These auxiliary powers are not speoified } 
but they must have been the intercostal muscles, the in* 
teguments of the chest, and the elastic cartilages of the 
ribs, and it was for allowing these aqxiliary powers to 
interpose, that all the other experiments W€ire> for th^ 
purpose for which they were contrived, perfectly nuga- 
tory. 

In the experiment, in which a comroaiiication between 
the external air and the surface of the lungs was main 
tained, by blowpipes inserted into wounds made in the 
aides, an inlet for the air was supplied by three passages* 
the windpipe, and a blowpipe on each »de« When tlte 
chest was quickly and ^ctensively dilated, lur would rush 
impetuously through those passages. Some resistance 
would be opposed to the entrance of air through the 
windpipe by the resilience of the longs, which however 
in that state of die organs would be slights But the 
calibre of the blowpipes being smalli a sufficient quantity 
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of air eottM not be introduced through them into the 
chestf in the time required, without great impediment to 
ity from friction against the inside of the blowpipes. 
When the resistance to the entrance of air through the 
blowfHpes was greater than that through the windpipe^ 
oXf when the obstacle to the entrance of air» derived from 
tbe friction against the sides of the blowpipes was great* 
er, or indeed was not less, than that derived from the 
elasticity of the lungs, united to the friction of the air, 
through the more extensive opening of the windpipe, the 
air would follow the least obstructed course ; would, in 
that case» dilate the lung to a certain extent in opposi* 
tioQ to the slight elasticity which it possessed at the 
commencement of its dilatation. Hence arises the ez^ 
tension of the lung, which was ascertained by its swel* 
liog up against the end of the blowpipe, and the other 
appearances } which, in these experiments, were taken to 
be evidences of a self*expanding property in the lungs* 



Anoiher offspring of these experiments, bearing, it 
most be confessed, a great family likeness to the former, 
and giving indisputable proofs of its parentage, is that 
die lungs, in the sound and living system, never com^ 
pletely fill the chest ; that there is atwajrs a space oceu* 
pied by some other substance, or rather, it would ap- 
pear unoccupied, between the pleura pulmonalis a^id 
pleura costalis. The same opinion was advanced by 
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one of the cotemporaries and opponents of Haller, and 
was held to be proved by the same experiment which 
has lately been published as original* One great ad- 
vantage of this opposition was, the eliciting from the 
illustrious Haller an examination of the questioo, during 
which that physiologist has adduced such proofe of the 
pleura pulmonalis and pleura costalis being at all timesi 
in the sound state of the system, in contact, as seemed to 
have set the subject forever at rest. In these days, when 
the nature of atmospherical pressure is so much better 
understood, and when the extent to which respiration is 
impeded, either when water, or air, or any other sab- 
stance, finds a lodgment in the sacks of the pleura, the 
resuscitation of the doctrine appears not a litde sur^ 
prising. 



As I have, io another work, already examined the 
experiments and deductions alluded to, I should not have 
noticed them again in this place, if I had not observed 
that great importance was attributed to them by some 
recent writers, particularly by Dr. CSopland, in the notes 
affixed to his translation of Blumenbach's Phpiology* 
who has regarded them as in a great measure subver- 
sive of the doctrine, that a power of great influence in 
the respiration, and in the circulation of the blood, is 
generated by the elasticity, or resilient property, of the 
dilated lungs. 
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It is remarkable) Low slight a thing is required to 
satisfy miods even of a superior cast, when its tendency 
is^ the removal of any galling or mortifying opposition 
to doctrines which have been long received ; or, perhaps 
taught pubhclyi as irrefragably true. 

No two prop<»9itions in the whole range of physiolo* 
gical science^ are more indisputably ascertained, than 
that the lungs possess no inherent jproperty of dilatation^ 
and that in health these organs are at all times in con* 
tact with the wall of the cavity, in which they are lodged* 

As satis&ctory proof was supplied by repeated ex- 
periment, that an animal could live by using one lung 
only in respiration, it was imagined that thie knowledge 
of this might be applied to the cure or relief of some 
diseases, particularly of consumption* It is generally 
believed that the ulcers, from which matter is discharged 
in consumptive cases, are prevented from healing, as well 
as the same kind of ulcers would do in other parts of 
Aie body ; by the agitation to which they are exposed 
it) respiration* 

In addition to that cause, another powerful one was 
supposed to be derived from the structure of the lungs^ 
and from their position in the living body. In that 
stete, the elastic substance of the lungs being always on 
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tibe stretch, would be distended beyond its natural 
limits ; if, therefore, the fibres of which the lungs were 
composed, were divided, they would resiliate from each 
other and the wounded surfaces could not again be 
brought into contact. 

It appeared to be practicable to remove those two 
causes of the impediment to the cure of wounds, by re- 
ducing the diseased lung to a state of collapse. This 
would evidently be done by admitting the air into the 
cavity of the chest, by an opening through the side, and 
preserving the passage to it free for a sufficient time. 
The lung would, by those means, be reduced to a state 
of quiet collapse, and the elastic fibres separated by the 
wound would be brought together. Tlie lips of the divid- 
ed 'surface would be brought into contact. The disease, 
if in one lung only, as frequently happens, would 
be cured by this process alone. 

It was found, that if a lung which had been reduced 
to, and kept in, a state of collapse for some time^ and if 
the opening, through which the air had been admitted 
for reducing it to that state, were allowed to heal, the 
lung would, in consequence of the absorption of the air 
contained between the two plurse, be again dilated to a 
contiguity with the internal surface of the chest ; and that 
if the other lung were diseased, it might then be with 
safety reduced to a state of collapse ; depending upon the 
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losg now healed, for the performance of respiration ; and 
treated as the former had been. A paper oontuning 
those speculations was read in the Literary and Philo- 
sophical Society of Liverpool, where it prodaced a con- 
siderable sensation, and raised hopes, which, alas ! have 
pot been realised » both in several members of the medi- 
cal profession, and other members of the society* An 
opportunity occurred some time after, without any soli- 
citation on my part, of putting the matter to the test of 
experiment. 

James Sloane, Esq., an eminent merchant of Liver- 
pool, the last of five brothers, the other four having died 
of consumption a few years before, had returned from 
the West Indies, to which he had gone for the purpose 
of trying what a change of climate might do in bis case, 
in the last stage of consumption, which he knew to be 
incurable from any known remedies. Soon after bis 
return, he heard of the paper to which I have alluded, 
and soon became determined of having die operation, 
which I had suggested as a possible means of giving 
relief, performed in his own case. It was done on the 26 
of Sept. 1822, by Mr. Bickersteth, an eminent surgeon 
of this place, in presence of the late Dr. McCartney and 
myself. An indsion calculated to admit air freely into 
the chest, was made between the sixth and seventh rib* 
As the sound usually heard upon an opening being made 
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in the chest, and produced no doubt by the rapid pas- 
sage of the air through the opening, was not perceived 
in this case, it was suspected that the . lung did not col' 
lapse, and that an adhesion had prevented the entrance 
of the air. It was not deemed advisable to make a fur- 
ther examination for that purpose at that time ; a tent 
was inserted into the wound to prevent an adhesion 
of the sides, by the first intention. At our visit next 
day, when the wound was examined, our suspicion of 
adhesion between the lungs and the ehest at the place, 
was confirmed at the first aspect ; the discbarge from 
die wound had not found access into the cavity of the 
ehest, which it ought to have done in the position of the 
body, but was oosing out of the wound ; an examination 
by the finger ascertained an adhesion of the lungs to the 
]:ibs, both above and below it ; a probe found admission 
to a greater length across in both directions, but at 
length met with an obstacle. Mr. Sloane suflfered no 
inconvenience from the operation, but thought his chest 
somewhat relieved. This might happen from the ad- 
hesion being rendered by it less tense. The orifice was 
kept open, and he suffered no inconvenience from it till 
the day of his death, which happened about a month 
after the operation, and which had been deferred fully as 
£Eir as it was suspected it could be, at the time he arrived 
from abroad. Examination after death, shewed adhesion 
to have taken place between the pleuroe completely At 
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the diaphragm, along both sides of the mediastiDafn, and 
along the chest,, every where except at the spaces betweeft 
the ribs, where the fingers might be admitted as into 
the fingers of a glove. The lungs filled the chest, and 
shewed no tendency to collapse. Two large abscesses 
were found, one in each lung. The substance of the 
longs was tuberculous and hard throughout. Adhesion, 
so universal, did not in this case appear to arise from 
any previous inflammation, to which these adhesions are 
generally attributed ;• for, though I attended him r^^- 
larly in every complaint to which he was subject for 
many years, I never had reason to suspect any inflamma- 
tion of the chest ; but, in my opinion, from the tubercu* 
lous afi^ection of the lungs, by which they were deprived 
of all elasticity and of consequence of that sliding motion 
above described, which occurs in health between the 
plarsB, and which I conceive to be the chief cause of the 
absence of adhesion between these membranes. The 
diaphragm was deprived of its antagonist, the elasticity 
of the lungs. The customary movement of that organ 
must long have ceased, and in its quiescent state it had 
readily grown to the pleura pulmonalis. It was observed 
long ago, by that great ornament of the medical profes- 
sion, Boerhaave of Holland, to be in phthisical affections 
a bad symptom, if the abdomen did not protrude in in* 
spiration, or in other words, if the diaphragm did not 
descend. The cause of the unfavorableness of this symp- 
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tomi of which Boerbaave could have no jast knowledge, 
eao now be satisfactorily explained* 

After the death of Mr. Sloane, the attention of mj- 
aelf^ and indeed of the medical profession of Liverpool, 
was directed more earnestly to the condition of the 
Im^s in consumptive cases ; and it was £»und universally 
when patients had died of tuberculous phthisis^ that the 
lung affected did not collapse in its whole extent, and 
that adhesions had uniformly taken place between tbe 
{durse. It often happens that only one lung is diseased ; 
in that case, no adhesion will be found to have takea 
plaoe in the side occupied by the. sound lung. If the 
kings were tuberculous, but not altogether solid ; if 
some elasticity still remained, the adhesions would be 
confined to the upper part of the chest, where the did* 
ing motion is at all times slightest, and leave the lower 
part of the sides and the diaphragm free. Adhesions 
in the chest, J would conclude then, do not at all times 
arise from inflammation, but perhaps most freiqaently 
from a disease in the fabric of the lungs. It is very 
evident, that the operation which was performed oo Mr* 
Sloanei could have no good eSeet in the ease of tuber^ 
culoua consumption. Whether there are any other kinds 
of phthisis in which it might be serviceable, will after^ 
wards be examined. Let us inquire, now, wheth^ any 
thing furdier could be done in goeh a disease as that of 
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Mr. Sfoane ; I am of opiaibntiuit tomediiog more miglit 
be done, and that a. dependent opening might be made 
throttgb the ribsy for die discharge of the matter. If it 
m Kj^poseddie operatbn had not iitopped at the divisioa 
q£ the plenra ooetalb^ bat had made an opening into Ae 
abaoesir threog^ the siAetance of the lung itselfy no in« 
juy^ooold evidently arise to respiration by sndi an operas 
ion. Iw dns state of the lung» it signified nothing 
wfaedttr file air passed through the windpipe or through 
holes in the sides. The lung could not be collapsed. I 
•az^usly waitbd for an opportunity for making this oper« 
adsn'; I resolved not to make the proposal^ but would 
6ocoonig8 it in case it came from the patient himselfy 
or some of his friends; An opportunity of this kind 
ooenrred in an intelligent merchant of this town» of the 
same of Johnstone* He was well acquainted wiih the 
BBtuie of the operation that had been performed on Mr. 
Sloane. I explaioed to him what appeared to me requi* 
nte to give it any chance of success. Findmg himself 
on the brinlt of Ae grare, he proposed that the opera- 
ttoa should be performed to the extent that I wished. 
Mr. Biekersteth^ whoi it is only £ur to state, had shewa 
It gveat astal in dns sebeitie aa if he had been the origin 
md pregeetor, was sdected as the operator. The pa« 
tieat'e own surgeon, Mr. Samuel M*Culloch was, aft 
the> requeit of the pattent himself, present. It was 
ifCieed/ that die operatbaf shMi be proceeded in after 
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the same manner that it had been done ia Mr* Sleaoi^ 
easei and if matters were found in the same eonditioa 
as they were in that case, to cut freely into the sabstancs 
of the lungs, taking care that the large blood Tesseb 
were avoided. When the Brst part of the operation was 
performed, matters appeared to be exactly as they were 
in Sloane's case. This was explained to the patient, 
but he declined from having any thing more done at liiat 
time* At a subsequent visit of Mr. Bidcerstethf at 
which I was not present, the patient consented that die 
operation might then be completed, which Mr. Bicker^, 
steth, taking advantage of the present disposition of the 
patient, instantly complied with. An indaion was made 
into the lung. A pretty profuse hemorrhage took plac^ 
which the operator had considerable difficulty in steppogt 
Mo abscess had been reached, no purulent matter was 
discharged, the disease pursued its course, and in a lev 
days terminated with the death of the patieat. 

The appearances, on dissection, were exactly the same 
with those which had been exhibited in Mr« Sloanes 
case. The lungs adhered every where to the snbstan- 
ces that were in contact with them, except at the inter* 
stiees between the ribs, r The incidon Mdiich was mads 
on the right side, had nearly reached a larg« sack fall 
of purulent matter* It may be asked, wbat Wiflfit 
tmM have arisen to the pitirat >if tbia sadi had beea 
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•polled and an enlifot tfibrded la itt eimteiiU through 
tbe 8iik<? I pmwer^ gteat. In the first, plaoe, a jde> 
peodtotepeiik^iwaold basre been afforded to the matter 
ill the aack» froip which it would haye been discharged 
as soon as 6>rnied> instead of accuniulating» lodging and 
coostantiy filling the sack. It is well known how ad- 
vaatsgeops evcb openings are in parts externallj sita* 
its. .Thftfliatter» so, far as that sack was concerned, 
would have been disdiarged without coughing, the pain* 
fsl and ^auating nature of the process required for dis« 
dbarging it in this manner, is well known. The sores in 
Aat lung .would have been pktoed in a situation, as favor- 
able forrbeding as die same sores could have been in any 
othtf pert of the .body. Nor would it have been ne^* 
ceaaary ,to have confined the operation to one side* 
Tbe.breaAing on the side on which the operation had 
been made, .would have been rendered less imperfect, 
inaomuch as it would have been relieved from a load of 
morbid and acrid matter. 

As I have before i^marked, since the lung in this situation 
could not ooUapse, it matters not whether the air entered 
ioto the chest through the windpipe or through the hole 
ia die sUTe. If coughing and a discharge of matt^er by 
Aat diitres»ng prodsss still continued, it was with.cer« 
taialy to be inferred that there was a collection of it in 
tfasoAer aidsft An outlet to the matter on this side might 
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be Muly affiMsW, m the umm maaMr « kid 4ieii 4<m« 
io the ether, widuNU inereMe 0f itmgtt, end ^ijlb ik4 
nmt rdief to the'respiration. If &» maiter weie ^ 
eberged by Gougb, it was to be ifl&rredthet the other 
kiBg was eoondy and no farther preceedbg ueeeeeary* 

It will readily occur to any one, and appear aean #b» 
jeotion to the operations wfaidi have been atated, that 
the matter of a diseased loag is not oontaiaed in one 
nek, bttt in a ndtitude of tnberdesy without iMing 
eomnwuwcation with each other* It may be remarbddi 
Aat the matter from each of these sacks, finds its msf 
sooner or later into some of the lami&paliens of the 
win^ipe; and as Aose ramifieitions hava a eopmnoi* 
eatbn with each other by tfaeir eenunen aten^ a com* 
mnnication between this stem, or indeed any of its 
krancfaes and the oudet in the side^ would eeeare tbe 
Uncharge of matter as certainly throngh this outlet m 
through the windpipe. And « Cemmunicatiep beiog 
once established, it might be rendered more free, as the 
disdiarge was encouraged to take timt mm$e* 

In cases of empyema on one side of the chest, a da* 
pendent opening for the discharge of the matter eontaintd 
between die pleurso, would be of indiqmtaUe benefit i 
and as it might be aecertaiaed by^^^oiptoms rendanil 
more pkin by the use of die etedmeep^ o* whit sida 
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im mmitt wtM fMlMMd J «iid as eaipfewim mtimiB 
fipe^Mily in wmAtuAomf w wWeh Ae ImgB are 
¥lmmm liltki diMasedl, complete cures might be oftes 
aqpected. I remember tike case of a lady, who fell a 
TioCim to this deeease, who 1 think, might with certaiD* 
ty hafe been cured by rnn opening made into the cheat* 
She Aedmii^ed periodieaily, I thiok tbrioe a day, aboul 
a gill of matter. Thia matter was raised at once by « 
Tident paroxysm of coughing, with great sense of 
Baibeadoo. In the intervals she was tolerably welK 
After death the body was examined. The left ndc at 
die pleura was iHed with matter. The left lung was 
Midi and dense, it waa aupposed by die surgeon dM 
dM lung was wasted by the dim^arge of matter, but I 
lospeoted atlhetime, that the smallness of the lung was 
ottanoned by ile complete collapse, for a long tirae the 
air bmng totally expelled from the bronchi. The matter 
fraud its way into the wmdptpe through its left branch, 
aad wimn aJl the chest was full, to the extent of ito 
MMidng 4liis orifice^ it was disdiarged in dM manner 
stated. She was a liidy of a Tery sound consdtution^ 
The disease had, wiginally, been die effect of a mniAe 
iolamnMtibn of the diest. 

No disease has been inflicted iq>on mankind that as 
more to be deplored dian consumption ; whether we 
sonrider dM nMofber ^ite "fkdms, die fesigdi, and fre» 
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quentljr the severity, of their roffenngSy the age el whiA 
they are tisiially seleeted, or the oioral and ioteUeeteal 
qualificatioDS with which they are commonly endowed* 
It crops the flower of the human race* In no wayi 
therefore, could man be supposed to approach more 
nearly to the exercise of the divine functions, or to rea* 
der a higher and more endearing service to the world, 
than by discovering a cnre for this disease. 

The experience of every age and country, too well 
attests the insigniBcancy of all our efforts to arrest even 
for a moment, the slow but steadily onward pace of this 
fiUal malady ; and if any addition to the proof of its io** 
curability under every method of treatment bidierto pro* 
posed were required^ that addition would be supplied by 
the views, supposing them to be just, that have been 
exhibited of its nature. 

As, indeed, the mechanism of the lungs, on which 
the peculiar character of the disease is believed to de» 
pend, has only been discovered of late, no rational plan 
of treating it could, according to our hypothecs, have 
previously existed ; and far distant from the desired 
mark must every project have fallen, made at random 
or with a mistaken aim. 

It has long been my opinion that if ever this disease ii 



to h% siiredj and it is an event of which I am by no meant 
disposed in all cases to despair, it must be accomplished b j 
mechanical means, or in other words by a surgical oper* 
ation. Whether the method proposed will be found prac- 
ticable, or, if practicable, to the desired extent beneficial, 
or whether, as will be supposed by far most probable, 
it may amuse for a moment, and then like all its prede- 
cessors sink into deserved neglect, are questions which 
must be left to the decision of time. Whatever may be 
the event, I shall have this consolation, that I incur no 
risk in this case by any proposition that may be made^ 
of diverting the current of inquiry into a channel that 
dudl be less productive than any of those in which it 
has hitherto run. 

• 

Some other diseases of the chest appear susceptible of 
elucidation, from the views which have been presented» 
of the mechanism of respiration ; and might be expected 
to be ^uimined at this place ; but these diseases are so 
much' influenced by the actions of the heart, that that 
«camination, it appears, wiU be more advantageously 
made, after the circulating system has been discussed. 






ON IHE MOTION OF THE BLOOD. 



Two Ceotories banre now. neaiiy elapsed aidce^lJbe Gir^ 
eobtion of tbe Blood was 6rse taught by Br« Hahr^* 
This tbeor^jhas^ loog anrmoantedth^ oppositkm ag^sl 
which it had for a fenoA to tsaateod^ from invetenla 
prejudices and jealous ambition ; is universally adcnow* 
lodged to have been fully proved by its author ; and is 
deservedly ranked among those discoveries* wldeh are 
supposed to confer the greatest honour upon hnmA 
nature. 

Akhought however, the course* wbidk die blood pm> 
sues in its march through die animtd fiame^ has beea 
ascertaiiied.lo theconvidion of every . inquirer ; diifereiioei 
of opinion are still found to prevail* respecting the causes 
by which it is moved in ihat course. Considering Ab 
immense progress which the mechanical sciences have 
made since the days of Dr. Harvey* and the attention 
which so important a subject must have at all times en- 



gaged, it might at first view have been expected, that 
the causes of the motion of a fluid, of which the path 
had been for ages so fully known, must long ago have 
been ascertained, with that mathematical precision which 
is incompatible with difference of opinion. When, how- 
ever, it 18 coosideredt that the machinery employed in 
the motion of the blood, is carefuUy concealed from the 
view ; that every attempt to unveil the hidden springs 
of this machinery necessarily destroys it ; and that the 
delicate and exquisitely appropriate movements of living 
jorgms cannot be imitated by any artificial process, the 
S9rjH?se> excited by th^ subject being still involved in 
ob^corjt^f will .soon he removed. 

W;Uh respect to the sentiments which are at present 
entertained, concearping the causes of the motion of the 
blood, physiokigis^ may be divided into two classes. 
The first maintain that the blood is transmitted from the 
heart to the extreme vessels, and from the extreme ves- 
sels back to the heart again, by the projectile power of 
this organ, aided by the vibration of the arteries. The 
oA^ class contend, that the force impressed upon the 
blood by the heart and arteries is expended, or m^arly 
so, at the terminations of the arterial system j and that 
the motiw of this fluid, while in the veins, arises from 
fauses distinct, from those by .which it bad been produceji 
in tl|^ arteries. 

K 
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The more recent physiologists have generally arranged 
themselves in the latter class ; but though they have 
succeeded in opposing insuperable objections against the 
supposition of the blood in the veins being solely returned 
by the joint action of the heart and arteries, conveyed to 
it through the extreme vessels, or in the language of the 
schools, by a vis a ter^o ; they have hitherto failed to 
explain its motion in this part of the sanguiferous circle 
upon any other hypothesis. 

At an early period of my medical studies, an aod- 
dental occurrence fixed my attention more particularly 
on the circulation of the blood. In the course of that 
investigation, I was struck with the wide diversity, and 
even opposition, in the opinions entertained by writers 
respecting the causes of thte motion of the blood, especi- 
ally in the vefns ; the inadequacy of these causes, in 
many instances, to the effects ascribed to them ; and 
the generally unsatisfactory and defective explication of 
the phenomena deducible from any hypothesis. 

At length I thought I perceived, obscurely marked on 
the motion of the blood, the vestiges of powers, the in- 
fluence of which had been unnoticed, little valued, or 
erroneously estimated by physiologists ; and I ventured 
to explain my sentiments respecting their importance in 
the circulation, in the Inaugural Dissertation which I 
published at Edinburgh, in the year 1799- 
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Siaoe that period^ I have frequently, after intervals, 
returned to the consideration of the subject i and though 
I have been able to discover abundant errors and great 
deficiencies in the Dissertation, I have been more and 
more convinced, by every succeeding reflection, that the 
sources of the motion of the blood, while in the veins, 
have not been detected } and that an important share 
of this motion belongs to Ae powers to whieti I have 
alluded. 

The following pages will contain, — 

* 

I. An enumeration of the causes to which the blood 
has hitherto been attributed, accompanied with an exhi- 
bition of the proofs by which their inadequacy to that 
effect is supposed to be established. 

II. The true causes of the motion of the blood* 

III. An explication of phenomena. 

I. Before we proceed to enumerate the agents which 
have been supposed to contribute to the motion of the 
blood, or to attempt to estimate their share in the opera- 
tiouy it seems proper to describe the organs in which 
this fluid is contained, and the parts more iutimately 
coniected with them i but the account to be given of 
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tibese in this place need only be coneise and general, as 
rt may be required to describe them more minutely after- 
wards, when the uses of each shall eome to be investi- 
gated. 

The heart, the arteries, and the veina, die mgtmBin 
which the blood circulates, demand our first attention* 

The general appearance of the heart is familiar to 
every one^ and is nearly the same in all animals* It is 
usually said to resemble a cone, with an obtuse afpex, a 
rounded or oval base, and at the sides more or less 
swelling or convex. Externally the heart is every wfa^re 
smooth, polished, and free, except at the base, where two 
rough, notched, and ear-like appendages, heiice defionfi- 
nated auricles, are attached; and where anumba'of 
vascular tubes penetrate it, and connect it to the sur- 
rounding parts* Internally it is hollow and divided into 
four chambers, of which two, denominated ventricles, 
are contained in the body of the heart, and the other two 
in the appendages just mentioned are termed auricles. It 
is, besides, divided into two parts, between which there 
is no direct communication, by a septum or middle par- 
tition, which has on each side of it one visntricle and one 
auricle ; those upon one side receiving the epithet of 
right, and those on the other of left* The right auride 
opens into the large venous trunk, wtXUi the vena cava ; 
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god oMiiti0Di«ates by Another passage with the right 
▼eDtndey' %rhieh» besides the outlet commoQ to it and 
die anride, has a eommiiiiication with the great polmo* 
muy artery. The aaricle on the oAer side of the par- 
fitioDi eomnianicates by dfstiiict openings with the four 
polmonary veins, aod also by another passage with its 
torrespMdhig ventricle; which, besides liiis mntnal 
Ottdet, is penetrated by the large artery called the 
aorta* 

The ' ventricle and tfuricle, therefore, on each side of 
the miMIe partition, besides their mutual communica* 
tion, have outlets into the trunks of the blood vessels ; 
the auricles communicating with the roots of the veins, 
aod the ventricles with those of the arteries. 

The stfUttture of the heart lA ipuscular and tendinous* 
Tbii lA^alla, oi^ substance inclosing the d^rent cavities^ 
va^ greatly in tUdcness* Tlie widls of the ventridea 
aie nuick ihidier and more substantial than those of tli» 
ausides, anillboae of the Jeft ventricle than those of the 
right. Dhe: ihidcnesa of the walls of the respective 
ventriclea is pretty nearly uniform ; but the walls of die 
auricles are extremely unequal, being compeved of 'mua«> 
colar and tendinous ridges, which especially project in- 
wards, and which are connected only by a thin, trana- 
parent, ex|MnsivB membrane. 



Valves are stationed at all the openiogs iato the vea- 
trieles. Those at the passages betweea the ventrieles 
and auriclesy usually called the auricular passagBi^ are 
framed to favor the free current of a fluid from the au- 
ricles into the ventricles, but to obstruct its return from 
the ventricles into the auricles* Those at the roots ci 
the arteries are calculated to prevent the return of any 
fluid from the arteries into the heart, without impeding 
its free passage from the heart into the arteries.. No 
valves are stationed at the openings by which the auri- 
cles communicate with the large venous trunks. The 
chambers of the heart, in a man full grown, are eadi 
supposed to contain about two ounces and a half of 
fluid. 

The arteries arise in two trunks from the ventricles, 
one from each. They are hollow cyliodersi and at a 
short distance from their origin, branch into other ves- 
sels of the same description. . Every brandh becomes the 
stem of a smaUer order of branches, and this process 
oondnnes till the ultimate ramifications become so mi« 
Bute, that their bore will scarcely admit a single hair^ 
and so extended and numerous as to penetrate almost 
overy particle of the body. 

The rule observed with respect to the dimenmons of 
these cylinders is this :— *the bore of the stem ijs always 
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greats tima tbat of any of the branches, bat less than 
the bore of all the branches anited* Hence the arteries 
have been properly said to constitute a cone, of which 
the apex is at the heart, and the extended base is mea- 
sured by the united capadties of the extreme capillaries* 
The bore of the trunk of the aorta compared with that of 
the branches united into which it has ultimately divided^ 
has been attempted to be determined, but the conclusions 
to which these attempts have led, have been often widely 
different. According to Keil, the bore of the aorta is 
to that of the extreme vessels united as 1 to 44,500. 
According to Helvetius and Sylva, as 1 to 700: as 
90,000 to 1 1 8,490, according to the calculations of 
Senac. Martin maintains that the diameter of a trunk 
or stem is equal to the cube root of the diameters of its 
immediate branches united. Calculators have not been 
able to arrive at any certain conclusions on this subject* 
Some imperfect notion may be formed of the dilBference 
of the capacity of the aorta and that of its ultimate rami- 
ficatioQs united, by considering the different velocities of 
the blood in the aorta and in the extreme vessels ; as 
the square of the diameter of the aorta will be to that of 
the diameter of all the last ramifications in the inverse 
ratio of the velocities of the blood at these parts* From 
the observations that have been made respecting the mo- 
tion of the blood in the extreme vessels of transparent 
parts, it is evident that the capacity of all the ultimate 
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branches ttimi in a vast degree exeeed tliat of. the arte* 
rial trunk. 

The arteries are of a strong, and firm stnictve* IWj 
are composed of different coatSi osch.of/whi^ seiatns.to 
confer upon them peeuliar prdpertieSt-^These ^mts A« 
generatty reckoned to be four, but anatomists me. wi 
altogedier agreed respecting their number* The eoatt 
most particularly deserving of notice in this, place, arc 
the muscular and tendinous* and th^se ar^ uoiversaUy 
allowed* The muscular fibres are very numerous bM 
generally pursue a circular or sfHral cdurse round tbp 
cylinder, though they are freqiitently found to ran in a 
direction nearly parallel to its axisi^ The muscular coat 
cwfers upon the arteries the property of ijrritablUty ; a9 
the tendinous structure gives them thai; of ela^ticity^ 
which they unquestionably possess in a considerable de* 
gree ; for, when taken out of the body and.^mpty, tbeir 
transverse section forms a complete cirde^ 

The veins, as has been stated* arise in different trunk? 
from the auricles. They are also hollow <^liuderSf ao4 
with respect to their course, form, and laws of rsmifir 
cation, agree with the arteries already described. They 
are generally larger and more numerous than the con- 
comitant arteries } so that tlie capacity of all the .vf^ia^ 
is supposed to be to diat of all the arteries as 2 to 1, or 
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3 to 2. Their structure is very different from that of 
t!:e arteries. They have no muscular coat, at least the 
muscular fibres are feiv ; they therefore can scarcely be 
said ^to be irritable. They are much thinner than the 
arteries of the same size ; are very dilatable ; but pos* 
•ess little elasticity ; their transverse section does not 
form a ehrcle. But though they are thin and readily 
yield to a slight distending force, they are not easily 
ruptured ; indeed they are found to sustain, before they 
breaks a greater force than the arteries which accom- 
paay them. 

The internal surface of the veins differs in one re- 
markable particular from that of the arteries. In the 
arteries it is uniformly smooth and equal. In the veins 
there are frequent projections formed by the foldings of 
the inner coat. These projections are circular segments, 
and are formed in pairs or triplets at a place. They are 
very numerous in the veins that run nearest the surface 
of the body, but are not found in many of the veins of 
the internal viscera. They are supposed to serve the 
purpose of valves ; obstructing the current of a fluid 
from the heart to the extremities, without impeding its 
course in the opposite direction. 

The veins which arise from one stem frequently com- 
municate with each other and with those of other stems 

L 
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by intervening vessels, which are called by anatomisti 
anastomosing vessels. These anastomoses are found in 
all parts of the venous system, but are particularly nu- 
merous among the smaller vessels. We shall have oc- 
casion to treat of these more particularly in a subsequent 
part of this inquiry. 

The mode of communication between the ends of the 
arteries and the ends of the veins has been long a sub- 
ject of dispute among anatomists, and is still in some 
degree undetermined. It was long warmly maintained 
that the extreme arteries and extreme veins communi- 
cated through the intervention of cells. Hence the cor- 
pora nodosa of authors. It is certain that in some parts 
of the body the arteries pour their contents into cells 
from which it is taken up by veins, as in the corpora 
cavernosa penis, in the mammae, in the uterus, &c. This 
structure is generally considered however to be peculiar 
to particular parts, and by no means an example of the 
manner in which the arteries always, or even generally, 
communicate with the venous capillaries. It is now 
usually supposed that the ultimate arteries enter the ends 
of the veins immediately, but in such an oblique manner 
that the side of the penetrated vein forms a valve, op- 
posing the course of a fluid from the vein into the 
artery. 
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tiie arteries, besides their commuQication with tbi^ 
extreme veins, bave other terminations. They often 
terminate in glands by which peculiar fluids are secreted. 
Tbey become exhalent vessels opening on surfaces, and 
pour out a transparent fluid for the labrication of parts. 
The veins also, there can be little question, often termi* 
nate on surfaces and act as absorbents* 

An artery is generally accompanied by one or two 
veins, which with a nerve are inclosed in a common 
sheath, and are embedded in a cellular substance. 

The heart is inclosed in a membraneoiis bag of a very 
strong and firm texture. This bag is called the peri- 
cardium. It is no where attached to this heart, which 
is every wl^ere free ; and is only conqected tp it by the 
roots of the large vessels which pisnetrate it spon after 
they have issued from the heart, and to which in their 
passage i^ cpmnauiiicates a covef ing. Thp pericardium 
is firmly bound to the tendon of the diaphragm on which 
it rests* This eovelope is found in all animals. 

Particular appellatioas are given to different divisions 
of the circulating vessels. The aorta and all the vessels 
of which it is the original trunk, are called the system 
of the great aorta, or aortic system. The vena cava and 
its ramifications are termed the system of the vena cava 
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or simply cava. In like manner the pulmonary vessels 
are divided into the system of the pulmonary artery and 
system of the pulmonary veins. 

In the brief description about to be given of the marck 
•f the blood through the body, every term is purposely 
avoided which might convey theoretical notions respect- 
ing the action of any of the circulatiog organs* 

Let it be supposed that the blood has reached some 
particular stage in the circulation, and let that stage be 
the ends of the arteries of the aortic system. Having 
been poured in infinitely small streams from the innu- 
merable ends of the capillary arteries,' the blood passes 
into die ends of the capillary veins, which are at least 
equally numerous and minute. In these vessels, like 
rivulets descending from their sources, the small streams 
frequently unite and form larger, till, after a long suc- 
cession of confluences, the blood reaches the right auri- 
cle of the heart, contained in a single channel, formed 
by the meeting of the two branches of the vena cava. 
The right auricle, as soon as it has been filled from the 
cava, is successively emptied into the right ventricle. 
The blood, therefore, does not now enjoy the continued 
smooth course with which it had flowed in the veins, 
but is transmitted in divided portions with regular sue- 
teasion, into the right vwtricleii wkieh successivelyi ^^ 
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it receives the contents of the auricles, conveys them to 
the pulmonary artery. In following the ramifications of 
this artery, the blood is distributed through the whole 
substance of the lungs, subject throughout to alternate 
accelerations and retardations* From the ultimate ter* 
minations of the pulmonary artery, it passes into the 
ends of the veins of the same system, where it resumes 
the equal continued flow which it had enjoyed in the 
system of the vena cava ; and, by the frequent junction 
of the smaller veins, is conveyed into larger and less 
numerous channels, till it reaches the left auricle, issu« 
ing from the mouths of the four pulmonary veins. From 
the left auricle it is forwarded to the left ventricle, and 
from this ventricle into the great aorta, in the same 
manner in which it had passed through the right side 
of the heart ; and is distributed in a regularly retarded 
and accelerated motion in the extensive ramifications of 
this system, through all parts of the body, except the 
lungs, till it reaches the ends of the arteries, the stage 
at which it had, according to this description, com- 
menced, to repeat again and again the same unvaried 
round, often undisturbed by one alarming pause through 
the whole course of a long life. 

Such is the course which the blood describes ac- 
cording to the Harveian theory ; a theory which must 
form the foundation on which the true principles of 
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ifae science of medicine^ if it shall ever attain the rank 
of a scienoe» must for ever rest. — It is foreign fropi the 
purpose of this inquiry to examine the proofs by^ which 
this theory has been established. It is sufficient to 
«tate that they are universally admitted to be concla- 
eive. 

It appears then, that the two sides of the heart, though 
they may have no direct communication, have yet an in- 
tercourse through the intervention of the blood vessels. 
The extremities of the arteries, arising from the right 
ventricle, do not communicate with the extremities of the 
veins which branch from the corresponding auricle, but 
with the extremities of the pulmonary veins. In like 
manner, all the ramifications of the aortic system pour 
their contents into the veins belonging to the system of 
the vena cava. The blood, therefore, before it returns 
to any given stage in the circulation, washes the walls 
4)f the heart twice ; passing through the chambers of 
one side of this organ, on its advance ; and those of the 
other side, on its return. In completing the whole of 
its course, the blood describes the figure 8 ; the heart 
being placed at the point at which the two circles toucbf 
or their lines decussate. It evidently performs two cir- 
culations; tiie one through the lungs, in consequence of 
the shorter circuit, is termed the less circulation ; which 
was known and described with con»derablQ exactness by 
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Servetus, long before the days of Harv^ ; and if tbe 
life of that eminent person had not been shortened by 
tbe persecuting Calvin, England, there is every reason 
to suppose, would not have had the honor of giving birth 
to the discoverer of the other, which, as it embraces 
the extreme parts of the body, is termed the greater cir- 
culation. 

The human heart, therefore, is a double organ, having 
two chambers for the reception and two for the discharge 
of blood. But this two*fold property is by no means 
necessary for the performance of its functions ; nor is it 
to be foand in all animals. Those animals commonly 
termed the cold blooded, as fishes, reptiles, insects, ^c. 
have only a single heart consisting of one auricle and 
o^e ventride, one chamber for the reception and one for 
the discharge of blood ; with one system of vessels be- 
longing to eadb, one system of veins and one system of 
arteries. This view of the circulation is more simple, 
but not less perfect. Take again the termination of the 
arteries as the stage at which the blood commences its 
march. It passes from the arterial into the venous sys- 
tem, through the terminations of each ; is conveyed 
through the converging venous system in a placid con- 
tinuous flow to the auricle ; which, at intervals as it is 
filled, empties itself into the ventricle. By the ventricle, 
In like m&nner, the blood is transmitted into the root of 
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the arterial system^ iu pursuing the diverging branehes 
of which, it is brought to the stage at which its motion 
was supposed to have commenced. 

In the following pages it may be necessary, to avoid 
circumlocution, and for the sake of perspicuity, to re- 
gard the human heart as a single organ, consisting of 
one ventricle and one auricle, with one system of veins, 
and one system of arteries ; in which case, the larger 
circulation will be understood. 

We are now prepared to consider the action of tlie 
circulating organs, and its influence in promoting the 
movement of the fluid they contain. 

It may be necessary in this place to promise, that any 
investigation of the causes of muscular motion or of that 
property of muscles, in consequence of which, upon the 
application of certain stimulating substances, or in che- 
dience to the will, or through sympathy with other 
muscles, they are contracted, is not aspired at in this 
inquiry. We are, therefore, relieved from the consic^* 
ation of those opinions of which all ages have been so 
fruitful respecting the cause of the action of the heart ; 
and which as they are purely hypothetical, may fairly 
be presumed to have been in every instance erroneous. 



81 

Asi further, tbie effeds of the actions of the circalat« 
log organs upon the motion of the blood oould not have 
been aso^tained, with any degree of correetness, before 
the direction of that motion was known» it seems wi« 
■sosssary to allude to any opinions that were entertab* 
od respeeling these actions previous to the discovery of 
the eirettlation. 

It had been obsenred* from & very early period, that 
diftireat parts of the heart were alternately contracted 
sod dilated. It has been found that the body of the 
hsfertf or Aat part of it in vrbith the ventricles are con- 
tidnedy is ali contracted or dilated at the same instant ; 
that the two auricles or appendages are also synchronous 
in their movements } but that the dilatation of the auri- 
des corresponds in point of time with the contraction 
sf the veatrides, and vice versa« The similar condi* 
tisos, diereforei ci Ae two ventricles are synchronoua^ 
haH akemating with those of the auricles which are also 
vfadii'OBOus. These conditions of the heart are ex* 
pmsed in the language of anatomists. Hie state of 
elusion or dictation is called thar diastole, while tiie 
opposite state of contraction is termed thdr systole- 
Let the description to be given of the movements of 
lbs heart commence with some supposed state of tiiat 
organ, and let that state be the diastole or state of great- 
11 
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est distension of the ventriclesi and, of coursei the 
systole, or state of utmost contraction of the auricles] 
In this situation the ventricles are distended with blood 
while the auricles are empty or nearly so; In conse* 
quence of a stimulous derived from the blood and from 
the distension of the muscular fibres, the ventricles are 
roused into action ; they contract forcibly upon the blood 
with which they are filled, and propel it through what- 
ever outlets may occur. These outlets we have seen 
are two in each ; one into the great artery and another 
into the corresponding auricle. The blood however is 
prevented from flowing into the auricle, which is at diis 
moment empty, by valves ; which are stationed at the 
opening into it, and which, as was observed, are so 
formed as to prevent the blood flowing from the ven* 
tricles into the auricles ; but there is nothing to impede 
its course into the artery ; it therefore flows with great 
rapidity through this vessel. The ventricle being now 
in the systole, the auricle becomes dilated. Whence is 
derived the blood by which the auricle is to be filled ? 
The auricle is penetrated by two openings, one cominoa 
to it with the corresponding ventricle ; the other pro« 
ceeds from the large vein* It can receive no blood from 
the former opening in consequence of obstructing 
valves. It must therefore be filled from the vein^ Hie 
auricle being in its turn dilated and filled, contracts.'upon 
the contained blood pouring it into the ventricle which 
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is, coDsequehtlyi again distended and filled. The blood, 
vnth whicb the ventricle is filled afresh, must necessarily 
be derived from the auricle ; for, at the only other en-* 
trance into it, that from the great artery, valves are sta^ 
tiooed which prevent the return of any. fluid from that 
vessel into the ventricle. The actions of the ventricles 
are soceessively repeated in the same manner and with 
the same consequences that have been described. 

At one part, this machinery appears to be imperfect. 
No valves are to be found at the passages between the 
veins and the auricles. It was to have been supposed, 
that during the contraction of the auricle the blood 
would have. flowed as readily into the vein as into the 
ventricle j and, as the latter was to have been dilated 
by the force of the blood from the auricle, , that it. would 
have found the course into the vein more open and less 
reasted. But it is supposed that the force of the blood 
on its return to the heart is so great as to form a but* 
tress, to the blood in th^ auricle, and to direct all the 
power of this chamber ^inst the ventricle. 

Ilie . systole of the heart was easily admitted on all 
hands to. have been produced 'by the peculiar property 
of mjasclesV that of contracting their fibres upon the ap- 
plication of stimuli. How are the cavities again en- 
larged ? The muscles of the heart being hollow have no 
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antagottiftl hj tbe ai^tion of whieh, as is die case vidi 
the geaerality of oth^r muscles, the oontraoted 6btm 
eould be again disteaded. Tbe simple relazalaon of its 
fibres, it was si]{iposed,cooId not dilate the canty but ealy 
plaie tbese fibres in Ae sitoation most favourable to bs 
dilated bjr other agents. It was contended by Dr. Harvey 
and his followers, and the opii^on still preraiisydwt ths 
aoricle is dilated by the force of the Uood returning to 
it from the veins, and that the ventricle is dilated hj 
die force of theUood impelled agunst the ioteraal tar« 
ftee of its walls, by the cotitracting auricle. 

Whence dees the Uood at tbe root of the vena cam 
receive SQch a quantity of motion, as is not only soffici^ 
edt to carry it with great velocity along the dmnnd of 
the vein^ hot, in addition, to impower it to resist tk 
coatyaetien of the auricle, and to distend the eawiy of 
diat chamber ? Dr. Harvey, and many of his followers^ 
ooiiteaded that this powar is derived from the hit vea^ 
tride of the heart, extending through tbe aortic aad 
venoQS systems back to the right auricle. J&noe arose 
a question that for a long time occupied the ablest ma^ 
thematieians of that brilliant period, ** What is the pow- 
er of the heart ? *^ Mathematidans in all countries W^ 
wiib one another for ascertaining the power of the hesit* 
But the amassing diversity in the results, to wfaieh ^ 
candidates for the solution of this question were broiDigh^ 
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pfovesi IB this mstanoe, the fatiltty of their labmnv* 
While Ae caleidations of Borelli advanced the power of 
tke heart so eDormously as to render it equal to the 
weight of I8O9OOO pounds ; those of the equalty karn* 
ed and ingeniooa Keil reduced it to a force mcasoraUe 
trjT die wdght of 8 and in another instance 5 cMuses* 
IMerent weights as measuring the power of the heai^ 
between those two extremes, have been contended Pur 
kf Jnrin, Halesi Robinson, and others^*— The ptnUem 
itiH remaiBS unresolved ; and physiologists are ait this 
dajr obliged to confess, that there exist no rales by wUdl 
the power of this organ can be estimated i but Ae want 
of this solution is not to much to he lamented^ as will 
sfikcrwards appear, as may be at first liew supposed* 

Although, however, the failure of the attempts to es- 
tiaiale the power of the heart, and the extreiee diveraly 
m the results to which the different oandidatea fer 4e 
solatiw. of this question have been led, are mattere df 
little importence, so fieur as respects the queetion itsetf ; 
llieir eensequences have been truly banefiid to* the 
aiedical profession. They eairly gave riee to an c^pimoa 
wUeh prevails even at the present day, thai the leecbanii- 
eel sciences are useless or unsafe* in their appUoUMe 
.te^flhysi^legiGal subjeds. The attempts at such aa ^ 
|)kalioa of them have even hem attacked with ridicid^ 
lAUk has generally been pointed with an aBusion to the 
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results of Keil and Borelli, respeetiBg the power of the 
heart. The consequeuce has been, that these studies 
have not possessed their dae importance In a medical 
edncation ; that the science of Physiology has been re- 
tarded in a wonderful degree ; and the character and 
usefulness of the medical profession lamentably de- 
graded. 

But however unlimited the power. of the heart may 
be supposed, it will be allowed that the effects of this 
power, must, like those of all other agents, be liable to 
expenditure ; and that the motion, ; communicated by it 
to the blood, must be again surrendered by that fluid, 
according to laws applicable .to it in the circumstances 
in which it may be placed. 

^ It is plain that, in any given time, the same quantity 
of blood is returned to the heart by the' veins that is 
discharged from it into the arteries. It follows also 
from this that, in the same times, equal quantities are 
tran^itted through^ any sections of the aprta and pul- 
monary artery before their bifurcation, or through any 
sections of ' their branches taken together, at the same 
relative distances from the heart, at whatever distances 
those sections be taken, as from the heart itself. That 
the adequate supply may be • provided in time at the 
heart, it follows necessarily^ that equal quantities must, 
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in a given timei ' pass through auy sections of all the 
branches of the vena cava and pulmonary veins, taken 
relatively at proportional distances, that passes through, 
the sections of the trunks of the vena cava and pulmo- 
Bary reins before their bifurcation. 

To render this argument more perspicuous, letus^for 
a moment return to Ae supposition of a single circula- 
tion as is to be found in the more imperfect aimnals* 
And let it be further supposed that the arterial and 
venous systems form only a siiigle canal; that! this 
canal is of the same length with the arterial and venous 
systems united, but that its capacity, at the comniencen 
ment and termination; ov at the two ends, is equal to 
that of the trunk of the great artery and great vein ; 
that, at any intermediate section, it varies: according to 
the joint capacities of the branches, at corresponding 
sections of the arterial and venous systeooA; From the 
description which has - been ^ given of the arterial and 
venous vessds, it is evident that this, canal .will be con<r 
stituted by two cones joined to each other at theur bases:; 
that these cones will.be of equaMengtb, hutlvarying in 
width or ' capacity ; that .representing the venous being 
larger than that representing the arterial vedseb* j 

Let such a canal be supposed to be represented by 
the figure A C B D, (fig. 1.) As this canal is ^up- 
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poted to be m&ry where filled mlh blood ; audi ^inoe 
m tnach is sapposed to be discharged from .one end of 
it at basi in a given time^ entered at the other } it must 
follo«r, tfaift the same quantity of fluid will pass in tlie 
same time through all the sections of this eanal. In any 
given time, as much will pass through the section EG 
is ettttfrs the osnal at AL. The same may be said of 
0D| HK, or BF» or wherever any transverse sectioB 
mttf be supposed to be taken. 

The vdodly of the blood most vary in different puts 
of this eanal $ it wiU be greatest at the cenifiieneehieiil 
and tsrmiaation, and least at die middle* It will be great* 
est at AL and BP and least at CDs Tke velocity at 
the diffiirent parts will be in an inverse prc^ortSoii to the 
areas of the transverse seetioQs at Aose parte* 
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Hw quantities of motion possessed by tfi^ blood a 
diflbrattt portions of this canal wiH be/ia gircai iimeii 
ae die length of those portions ; and in equal pertiiw 
the qaantites of motion must be equals Let AE, EG, 
GH§ iuid HB be supposed to measure equal lenglhs of 
Ae aanguiferous cansJ. The quatity of motion which 
the bloodi in the iame time, possesses in these diffin^l^ 
portions will be equal. 

Upon ^ supposttioui that the blood is circulated by 
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the impelling power of the ventricles alone, this effect 
must be prodaced in one of two ways. Either, 1, At 
every contraction of the ventriclei the heart mast charge 
every individual particle of blood issuing from it at that 
timei with such a momentum as shall be necessary to 
carry it to the end of its course with the momentum 
winch it is known to possess there. Or, 2, The san« 
giuferotts canal having been already filled with blood, 
and an additional quantity having been fordbly thrown 
into one ^d of it by the heart, and prevented from re- 
taraing hy the semi-lunar valves, an equal quantity is 
in consequence of the action of the heart necessarily dis* 
placed from the other end of the canal* Let us consider 
briefly each of these propositions* Let it be supposed 
that as much force is impressed upon every particular 
diaefaarge of blood as shall be capable of cpnveying that 
Uood from one end of the canal to the other, or from 
the heart through the arteries and veins back to the 
lieart again. This supposition, so far as the individual 
blood projected is in question, must, from the nature of 
fluids in motion, and the concomitant circumstances, at 
the first view, be evidentiy inadmissible* For l^e canal 
into whidi the blood is projected by the heart, being al- 
ready in a great measure filled with blood ; a comfnu-. 
nication of motion between the particles forcibly dis- 
charged, and those already in the canal, and nearly at 
that time at rest, must necessarily take place } and such 
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a resistance be immediately opposed to the former, as 
nearly to destroy die motion they had reoeived from the 
heart, or even from the collision, to drive them partly 
in a retrograde direction. 

But it may be maintainedi that the effect may be 
equally produced by transmission of motion from the 
particles sustaining the original impulse to those against 
which they are impelled in a more advanced part of the 
canal j and that those again communicate a motion to 
others in a still more advanced situation, and so on, till 
the blood, which happens at the time to be in the roots 
of the cava, is urged against the internal walk of the 
auricle, in consequence of a power transmitted to it by 
succession from the ventricles of die heart. Suppose 
that the heart has thrown into the canal AG at AL a 
quantity of blood so forcibly as to produce in the portion 
of the canal AG a certain quantity of motion in a given 
time. According to supposition, the motion existing, 
in the same time, in the next equal portion of the canal, 
has been generated by the impulse sustained from the 
blood in AG. But from what has been stated, the 
quantity of motion in ED in the time given is equal to 
that in AG. Further, the quantity of modon in the 
next equal portion of the canal, GK, is equal, in equa;l 
times, to that in ED. But the motion in GK isi by 
supposition, all derived from ED. And so of the mo- 
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ti(Hi of the blood ih ^ery other e<|ual portion of the ea^ 
nai. The he^rt^ thereforei is aap^sed to furoduce aa 
efeet amountiDg to that of oomiaanieating' to a body a 
certain quantity of motion, and at the same instant the 
property of retaining, without further aid, that motion 
ttodimiDisbed through along eoilvsej in which the mov- 
k§ body IB subjedted to various powerful resistances. 
Bat thisj. frovo the establifibed lavfrs of nature^ is known 
to be ioa{Kis6U)le« 

It may be further urged, that the blood already in 
the vessels at the time that a fresh impulse is communi- 
cated to it from the heart, is not at rest but in motion,, 
and that in consequence of the new motion added to that 
which is already possessed, the blood is impowered to 
transmit the supposed motion to the blocd in the next 
portion of the canal. But if a qucuitity of motion be- 
longed to the blood already in the eanal, at the moment 
at which an additional impetus was given to it, by the 
renewed action of the heart, that motion, after the trans- 
mission of a quantity equal to that just received, must 
be admitted to have remained in whole or in part, or to 
have been entirely annihilated. If it remained in whole, 
as> much had been transferred to the succeeding pulsation 
as had been received from the preceding, and no actual 
aid obtained. If in part, that part must decrease after 
every pulsation, till it is reduced to nothing, and the; 
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blood be brought to rest between Ae impulses ; and the 
state is only for a short time deferred, %b which it wookl 
be immediately reduced by its instantaneous and com- 
plete annihilation. 

All the motion existing in the whole vascular syMem 
during the time intervening between the commencetnent 
of one pulsation and the commencement of (he uisxU 
must be admitted, upon the supposition now made, to be 
the effect of a single impulse of die ventricles* We 
are, therefore, unavoidably brought to the same ccmcla- 
sion ; that a motion has been generated of such a de- 
flcription, as to continue undiminished, in opposition to 
gravity and many other causes of retardation. 

To avoid tiie mechanical absurdity necessarily involved 
in tills conclusion, Harvey, and many of his most able 
followers, maintained, tiiat one wave of blood having be- 
come slower, is overtaken by another more rapid, and 
by it impelled forcibly forwards. This, however, is only 
repeating, in' other words, the suppositiofn which has 
been already refuted. Even though the portions of 
blood, between which the collisions are supposed to be 
made, were perfectly elastic, no new motion could iu 
that way be generated ; and as much motion would be 
lost by the impelling as had been gained by die impelled 
body. But as the blood is a tenacious, iiaelastic fluid, it 
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is evident that a great loss <^ motion must result from 
sncfa a ccdlisioD between its particles. 



But granting even that the heart were capable, by 
some unknown mode, of communicating the requisite 
motipn |p. the. blopd in the roots of the cava, there is 
8tiU the, further admi^on necessary, that the vessels be 
always, fiHed tp. tljiat^dc^ee of distension which would 
give them the propeicty of rigid undilatable tubes. 

S. This suggests the consideration of the other mode 
by which the blood may be supposed to be circulated in 
coDsequence of the impelling power of the heart alone ; 
which is, that the vessels having been already fully dis- 
tended with blood, and an additional quantity having 
been thrown into one end of the canal, and prevented 
from returning out of it by valves ; an equal quantity, 
to afford room for that injected, must necessarily be dis* 
placed from the other end of the canal ; — out of the roots 
of the cava into the right auricle. 

. Iliongh we are not acquainted with any data from 
which the power of the heart can be calculated, there 
must exist, nevertheless, certain limits, within which it 
must reasonably be supposed to be confined. If we con- 
sider that the quantity of blood in circulation, is nearly 
ooe-fifiii of the weight of the whole body ; that this 
great mass is spread over an immense surface ; that it 
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is^ therefore) subjected to great reaUtances from friction, 
especially ia the small v^essels, where each globule is to 
be rolled over a fixed surface^ and often pressed into an 
obl(»]g sbape^ before it can pass thrtfogfa'cattab of wUch 
the diftmeter is less* than i€s own ; dnt the eorrents^ b 
eemseqaence of anastomomng branches^ are> perpetnallT' 
flowing in opposite directions ; and that attraodoii mast 
powerfttHy prevail between the blood and tike smail ves- 
sels ; when we consider the mass iiiO!VBd» the motion 
with which it is moved, and the resistance opposed ; it 
is impossible to imagine that this labour could have been 
performed by the propeWing power of the ventrides.-- 
Besides, all this immense force must have been sus- 
tained by the root of the large artery, which would be 
constantly strained to a vehement degree, and would at 
every pulsation incur the danger of rupture. 

But admitting, contrary to all probability, that the 
power of the heart was capable of effecting, the motion 
of the blood in the way supposed ; the structure and 
condition of (he vessels- in which it flows,, evidently 
pr^ve that it is not circulated by thifi powf^r eifstaem Be- 
fore any blood* could be di^aeed fir^m tl^etpud p£ the 
canaJ, in' poiat- of actidn.inQst distant frcttn. the moving 
power^ it is neeessa^'y to sn]^]^ci8e that the vessels hav^ 
at every intermediate section, .heed filled to that degree 
ot dislensioni which would be. o^ca^ned by the wai^t 
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of a colainn of blood whose height is equal to the dis- 
tance between this section and the right auricle of the 
heart, (taking the measurement according to the trade 
of the blood) and whose base' was equal to the area of 
the transverse section of the vessel at this distance. The 
distension which the weight of such a column would 
prodace would be immensely increased by the resistances 
abore enumerated. But the blood vessels do not ap- 
pear to sustain any considerable degree of lateral pres- 
sure. The veins, in particular, vessels, which are thin 
and Eminently dilatable, even in those cases in which 
gravity acts in opposition to the nooving power, are by 
no means dilated generaUy to their largest diameter ; as 
may easily be observed by surrounding the leg or arm 
with a ligature. 

Life would, in this case, have been a very insecure 
teaure. £very considerable loss of blood would have 
bew followed by a permanent stoppage of the circular 
tioD. For, unless the vessdls were always filled to a 
proper extent, no blood would be found at the trunk of 
the cavB to ^ate and fill tlie auricle. The heart would 
be left diy by every prefose iMemcfrrhage. 

Ebd the bloofl been circulated by the heart alone, this 
organ might have been expected to bear, in different 
animals, some proportion to their size ; but this is not 
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the case^ the heart of an ox does not bear nearly the 
same proportion to the balk of his body, that the heart 
of a dog bears to his. 

The emptiness of the arteries and the fulness of the 
veins after death, prove that the blood, which had been 
in the arterial syi^tem, niiist, at or before the time of 
death, have been influenced by some power distinct from 
the heart. 

Many other arguments might be advanced in refatation 
of the doctrine, that the blood is circulated by the heart 
alone ; but it seems unnecessary to notice them ; Spe- 
cially as it is now generally allowed, that the heart is 
powerfully assisted in this operation by the blood vessels 
and other agents. 

It was at all times observed that the arteries in many 
parts of the body at least, were characterised by^ a r^- 
larly repeated, sharp stroke, which in common language 
was termed the pulse. Various ezphumdons have from 
an early period been proposed df the causes of this phe* 
nomenon. When the circulation of the blood became 
known, it was generally admitted that this beating of 
the arteries was primarily produced by the impulse of 
the heart ; and after the following manner. ' 
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The heart, during its contraction, was supposed to 
throvr, with great fbrcey a quantity of blood into the ar- 
teriesi and to communicate an impulse to the whole blood 
in the arterial system. The coats of the arteries neces- 
sarily bikve to sustain this impulse ; but, being elastic 
and dilatable^ they give way and become enlarged in 
diameterj as well as leo£^eiied in axis ; and, in conse- 
quence of the increase of dimensions, thus suddenly ob- 
tained, impart a stroke to the bodies that may be in 
contact with them. But this stroke could not be con- 
stantly repeated wiAout an opposite acdon. There must 
be a recovering as well as a distending power. This 
antagonist action was easily deducible from the proper- 
ties of the arterial structure. The impelling power of 
the heart having terminated } the arteries, now roused 
by the stimuli of the fresh blood, by the excitement 
arising from the over distension of their muscular fibres, 
aq^ by the elasticity strongly operatidg, in consequence 
of tbe upi^atural distension of the elastic substance, in 
their, turti becqmbg predominant, recoil upon the blood ; 
and as rf|>idly as th^y had been distended, recover their 
former duuneter ^nd axb. The systole of. the arteries' 
having thus been restored, a quantity of Uood, as it is an 
incompressit^le fluid, equal to that which had been injected 
into their cavity by the heart, must necessarily have been 
again displaced. Valves prevent the return of any fluid 
back into the heart during the recovery of the arterial 
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systole* It must, therefore, have been discharged by 
the only other outlets, — the extreme orifices of the ca- 
pillary arteries into the capillary veins. 

The arteries, by thus restoring to the blood the force 
that had been expended in dilating them, were supposed 
to have contributed greatly to the motion of that fluid 
through their cavities. But it does not appear that any 
actual aid could be given to the power that originated the 
motion by the arteries acting in the manner now stated i 
for, as was judiciously observed by Baron Haller/ the 
same power which was required to ^ate the ooats of all 
the arteries, would have been sufficient to have trans- 
mitted the same quantity of blood through the arteries^ 
if undilatable tubes, in the same time* 

Objections, afterwards started, to the explanation jiist 
given of the beating of the arteries, suggested at length 
different views of the action of these vessels, and of the 
inanner in which they contributed to the motion of the 
blood. Weitbrecht, a physician of St. Petersburg, first 

. remarked, that ihe quantity of blood thrown into the ar- 
teries during the contraction of the ventricle, could not, 

^ when divided through the wliole arterial system, produce 
such an extension of these vessels as to enable them to 
communicate a percejptible impulse. llie left ventricle 
of the heart contains nearly two ounces and a half of 



99 

blood, and is not entirely emptied daring the contraction. 
But admitting that two ounces of blood are thrown by 
each contraction of the ventricle into the arterial system, 
this small portion is evidently insufficient to increase, by 
its addition, the bulk of the whole mass in a perceptible 
degree. It has been calculated that the radial and tem- 
poral arteries, which are each about three lines in diame- 
ter, and in which the beating is very strong, would not 
be augmented in diameter, by their share of the addition, 
beyond the twenty-sis^th part of a line ; an increase of 
capacity too small, however rapidly, to communicate any 
sensible impression. 

It might haye been added that, from the dilatable 
property of the arterial trunks, it w^ not to have been 
expected that the whole blood in the system could have 
been affected by the small quantity projected into them 
by the heart. For the impulse must necessarily have 
been sustained, in the first pl^ce, by the coats of the ar- 
teries nearest fo the impelling po^irer ; and the portioa 
of those vessels which, when dilated, exceeded the ca* 
pacity of the samp portion in i^ state of contraction, by 
as much as was equal to the quantity admitted, must 
alone sustain the shock of the heart. From the dilata- 
ble property of the vessels, and the strong resistiance op- 
posed by the blood already in the arteries, it is presum- 
able that this portion could not be v^ry extjensive. 



100 

TKe piilse having been observed to be of diffferetit 
quickness, at the same time, in different parts of the 
body, seemed to confirm the opinion, that the pulsations 
of the arteries were not all the immediate effect of the 
heart. 

From the days in which Weitbrecht flourished, it has 
generally been admitted by physiologists, that the dilata- 
tion of the whole of the arterial system could not be prO" 
duced by the propelling power of the ventricle. The 
circulation through the arteries is now generally sup- 
pofsied to be performed in the fdllowifig manner. 

By the contraction of the left ventricle, a quantity of 
blood is thrown forcibly into the aorta, and an impulse 
communicated to the blood contained in that vessel. From 
the known property of fluids in motion, diis impulse is 
necessarily sustained by the sides of the vessels in which 
it flows ; and, as those are elastic, stretches them and 
enlarges the cavity formed by them. The impetus of 
the heart, therefore, is expended in dilating through the 
medium of the blood, a part of the arterial system. But 
the arteries, b^ing irritable and elastic vessels, now stimu- 
lated and stretched beyond their natural condition, recoil 
upon the blood, by which they were distended ; and, by 
the rapid recovery of their former diameter and axis, 
restore to it the impetus that had been expended in di« 
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htiDgf them. By the eontraction, therefore^ of that part 
of the arterial systeniy which had been dilated by the iin« 
mediate action of the heart, a quantity of blood, equal 
to that which has been ejected by the ventricle, is, as 
valves oppose its return into the heart, transmitted with 
an equal force into another more advanced portion ; 
and, in the same manner as had been done in the first, 
dilates and stimulates the sides of this portion. The 
same series of actions, with corresponding effects, h re- 
peated to the end ef the system. 

Thus, after a sucoesmon of cKlatations and contrac- 
tions, a quantity of blood, equal to that discharged at a 
single impulse from the heart, is poured, at the same 
time, out of the innumerable terminations of the capil- 
lary arteries ; and a power equal to that of the heart, is 
thus transmitted to that ultimate portion of the arterial 
system, the extent of which will be determined by the 
equality between the difference of its diastole and systole 
and the bulk of tiie blood projected by a single effort^ 
from the heart. 

Oilier circumstances necessarily concur to give a direc- 
tion to the motion of the blood. 

The excess of capadty of the branches united, over 
that of the trunk from which they divide, and tiie con- 



finifapcp Qf that ratio to the en^ pf tkp sysl^m, o^ust 
l^ye a cppsiderable influence in directing the course of 
(;h/e lilood froi^ the roots to ijb^ brapcbeff^ i^ynpn the sup^ 
p^silipn of fto being effected by ^ vilfftL^qps of these 
yes$tpl§t For if a fluid be coo^pres^d strongly by the 
diminisliii^ cecity of the vesseF (sontaining it, and if 
orifices pf diflerapt siz^s exist in the aides of ijliis vesseli 
t^e quantity of fluid discharged from these orifi^^s, ii) 
the pfme tipje, nil}, fcp^^TM paribt^j^ ^m^fiik^ sqqares 
of the diameters of these orifices. Upop l;he snpppsi* 
tion of a synchronous contraction of all the parts of the 
9f t^f ial systeiq^ ^^ quantity of blppd discb^ged in qon- 
^uepoe of thpt cpul^^tipfl, from (Jbe fermipAl^q^s of 
^ lurtff iesb Ja^ft jgrpatly e^c^^ th^. which viroifld be 
r(3turped to ^ yentriplp^ even ^f there were no valves 
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t9 oppose it f the qpantj^ v^ hich would be discharged 
fjTom ^e fprmeri wopld be to ^at reti^rpe^ tp ib^ ktt^i 
^ due square pf t^e diftoieter pf all ^hfi c^^lpry f(r(;eries 
pf Hi^ wTtic ^JBpm^ ^ ih»t pf fine diaiqet^r of the sorts 
fdope. But it Ivift he^ clearly f^^cert^inpdi fb§t the ar- 
teries constitute a cone, the apex of which i§ af the h^^^rfi 
and its broad base formed by the ends of the arteries. 

The motion given to a body ippfillftd hy Wy p<»qt i» 
the contracting sides of a cone, will not be in the direc- 
tipn of ^ pcf p^ndicul^ to tjie ^jus, biut ^ill p^erve an 
obliquity ^p it propojrtippatp to the ^^^^t of |;)ie .^ngle 
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fortned By tbe bisectiion of the apex. Tlte direciitiDn of 
motion ^ill form an obtuse angle with th<i abcis on the 
side facing tbe htaii. Th^^efbre the bldod Will hoi hi 
impelled towards the axis directly, bdt obUqtiely toward^fi 
the extremities^ by the contrab^oh of the arteries. 

Ilie proj^tiOttS of the 66he win li^cMsMiHty Vafy' iU 
ihe diiBferent ilti&tes. During the i^Jrstole, aiiy seclioii &f 
Ibd cone near the apex WiR be a less drcSe coi^pated wit^ 
that, ^rmed dufihg the^ samri state, by ^ sectiott hear 
the base, than the former with the latter during the di- 
astole. For a gr^iater diminution of caVity ih prbfKirtion 
wiR be required 1t^ transmit a quantity of blodd thi^oug^h 
a section near tlie apex of the cone^ t^n would he re^ 
quired iti transmit that quantity,- in thd Same tlm^ 
through n section hter the base; Tliei^fek*^, the artftrieS 
while recoveHbg iheir syistole^ asstithlB a eoiidifioh' SliM 
more favomrable to the transthission of the blood friith 
the roots tb the extremities^ in eotis'equenee of this ae^ 
tion. 

If^ however, the eohtratttioni if tfafe arl^rieii', ^ would 
cettainly appedr to oe trdi^, are hot simultaneous^ bift 
rapidly successive, these vessiils woUldj in thit 6as^^ be 
put in a cdtiditioti' still more ^hpteA for transhiittiiig h 
fluid frdhi the h^^i^t tb the extremities, m tM>nsiiquetr^ 
of those contractions. For j at the instant at which dVijr 
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portion of the arterial systom begins to recoil upon the 
bloody the portion next to it» on the sicle of the heart, 
will be approaching the state of. greatest contraetiooi 
with its eontractiflg nuui unfinished ; while the vesaels 
on the other side of the contracting portion^ will be in 
a state of relaxation and easily diktable* The uadulat- 
ing suoeessive numner of the arterial action^ oommenciDg 
at the heart, and proceeding with amazing rapidity 
throi^h the arterial system, must evidently promote the 
course of the blood from the trunks to the bnmches. 

From the circulating and spiral direction of the fibrest 
composing the muscular and ligamentous coats, it is 
probable tha^ in particular drcumstances, the arteries 
possess the power of dilating themselves to a certain de» 
gree* For these fibres by relaxation must enlarge their 
carde, and, in consequence, augment the cavi^ formed 
by them. So fiu*, therefore, the arteries, while they 
are ^laxing, may possess an active influence upon the 
motion of the fluids they contain. 

The length of the part of the arterial system, sos- 
tuning tiie direct impulse of the heart, might be cidca- 
lated, were we acquainted witii the quantity of Uood 
projected at one impulse from the ventricles, and the 
di&rence between the capadty of the arteries in their 
contracted and their dilated state ; for it must extend 
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precisely to thftt poioty between which and ike hetrt, the 
di&renee <^f tfa« arteries in the diitttole «nd ^stole is 
e^l tO'tfae imiM o£ #iiM discharged nl one impoke 
frsni' the heart. Ef^ery portion, Am^ of the vHinitory 
^steni, which veceiirea into tie cavity a quantity of blood* 
in additfoB io whhh Je^UdTMidy^oMlimed, equa} to dial 
4iwbargediit a iiingie CQaimetiiHi of «he'hefiirt»vnatsfaifi 
uidoMiqitttiikates a'for€0;^eq|MdlO;tbai of dM hearb 

Il M^ Mt^ to be fiafrmid^ hewevw, that die portieoeof 
the arterial aystem, though ibeir actions are not adonitted; 
to be siawltaneousy are ^supposed to be dcfinidile by a 
psrticidw peiiib Vm movemeDta of the diffiMnt .per« 
tioQ^ diough^not'iyMhlMdit*^^ tf^^ i^th eneh ra« 
pidity, «bat the oMoeiMsod eaenot be discemdd kf tbe 
mses. Vb» oeatmelfiena of ttheOoeoM^ ^tioiie- <tf 
the arttecial syatam'wIU'he eo hlend^d -^ogediep/' Aa<t ibe 
whole wit! aemme'dse^eharacterof atiiindiflatioiry eboN 
meneiog ^ the: hearty ^Md »iMuieiiig irtthJibe^^^^ 
npidity to the enda of ih6 arteiiea* 
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It has been stated, that two pAvtera of a 4^breii4 «na* 
tiir^ the mnscnlar and elastic, ebmlnae thdr efihfte to 
prodoce tbe systole of ibe arteries. Thentrterie^- per* 
haps, could not have been eoastradied with a mtidclilat 
float of itself aoffioienlly strong, without liecofnitig of 
aa inconvenient and cumbersome thiekness, ami widiout 
p 
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being, in a great measure, deprived of their flearibiU^. 
flor could the elastic power of these vessels singly have 
been sufficiently strong ; for nature does not supply a 
substance that is perfectly elastic* Had the eoats of ^ 
arteries been perfectly elastic, that is, had they resiliat- 
ed, from their elasticity alone, with a force equal to that 
by wnich they were distended, there might, perhaps, 
have been no boctoion for their partaking of the musco* 
lar structure. But this being necessarily not the case, 
their irritability is, with wonderful design, formed to 
supply the want of perfect elasticity. 

Unless the actions of the different portions of the ar- 
terial system had been thus equally balanced, the dren- 
lation of tiie blood through them could not have been 
regularly performed. For, if any portion of this sys- 
tern had acted either more forcibly or more feebly than 
another portion, the blood would either have been dis- 
charged from that portion, or accumulated in it ; and, 
in eitiier case, the circulation would have been inter* 
rupted. To prevent, however, the recurrence of sach 
a condition, the constitution is possessed of a' corrector 
in itself. For, suppose . that' any portion of the arteiy 
should not recoil upon the blood with the same force 
with which it had been distended, and that its diameter, 
in the systole should be greater than it usually is iu tiiat 
state ; in the next impulse that it was to have sustauied 
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from b^indi the unnsual quantity. of blood would have 
he^u thrown into this portioui the cavity of which would^ 
by that meansy have been distended .to. an unusual de- 
gne* The consequence of this unusual degree of di8« 
tension would be a greater excitQp^ent. in the muscular 
fibres, and a more vigorous resilient effort in . the elas- 
tic ; and, of consequence, a more vehement contraction ; 
aqd in this manner would the unhealthy accutnulation 
be removed. A similar corrective process would follow 
a too energetie. action in any portion. , 

Since the appearance of the first edition of the Inquiry 
into the caoees of the motion of the blood, a very ingenious 
and elaborate work on the arteri^ pulse, has beep pub- 
lisbed by the late Dr. Parry of Bath. That autiior oon« 
tendsy that the stroke felt by the fing0r» when applied to 
the artery on the wrist, usually termed the pulse of that 
vessel^ doea not arise from any increase of the diameter 
d this, artery, but in consequence of its being at that 
pMot pressed by the! finger against a aolid substance lying 
behbd it ; . and that the stroke is occasioned by the re- 
newal of the ; motion: of the blood produced by the im- 
pplse of the heart through the. ditbinifthed channel ; that 
the arteries are at . all times filled to the same extent in 
the same state of health, ai\d of course possess the same 
Q^re ; that they are .the same as rigid tubes, in all 
respects, except in that pf their pliability j and that it is 
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ifi Cdtaaequeaee df their tonicity M wdl as elastidtyi 
that they maintaio this ooti^on. This doctrine. Dr. 
I\irry maititains to be proved by an observatioD'of ar« 
teries exposed to ti^w while the oircolatioii is going oii, 
and by the ttteaftorement of diese vessels in the saois 
condition. 

The theory of the arterial dronlation exhibited by Dr. 
Ffeurryi implito a grent &ciHty of action, and ifto atsodtn* 
modation of sudi relief to the heart and arteries in that 
aetioDf as correspond well with the simplicity of naturet 
attid with the safeguards which she nsnally affords against 
the effects of overstruning action. It must also be ad- 
mittedi that Dr. Parr/s theory affords no uncongenial 
soppldttient to the view of the vchions part of the circa* 
ktion contained in the idlowing pages. 

Whatever may be the objectious ^ivdiich may be of- 
posed to particular parts of tins explanation^ or whatever 
may be the shades of difference which may still exist 
among physiologists, respecting the powers by which 
tbe blood is circulated through the arteries, and their 
manner of acting, it is certain, that as much blood is 
discharged from all the capillary arteries as is propeikl 
fron^i the ventricles of the heart in the »me time ; and 
that, therefore, the knomentum of the Uood isilutng out 
of the capiUarias of the hxgei cin:nlation, is equal to thftt 
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of thm iltiid at any section of die aorta itself. Por^ «itip* 
ponug the retietancea in each case the same, the same 
force would be required to move the larger stream, with 
the vAmty it poetesses in the eapillaries, as would be 
Fequtred to move the same extent of die lees in die aertBf 
with the velod^ which it there possesses. 

Let it now be supposed, diat the blood has reached 
die ends of the arteries, and is ready to be disetiarged 
into die concomitant veins. It is now to be circulate<t 
ia a way in many respects different from diat in whichf 
k had been in the arteries. The madiinery and median-^ 
ism are here dianged. The vesselsare not of die same 
stmeture, nor have they the same properties ; and dmr 
position, with respect to ihe motion of the fluid they con- 
tain, is reversed. The Veins are neidier irritaUe nor 
elastic ; they are very dilatable, but have no re-action. 
They, dierefore, can offer no resistance, except what 
may be d^ved from friction and position, to die bbod 
Aat is thrown into them, dll dilated to a great extent. 
What would be the effects of the action of the heart and 
arteries,* as just described, upon the blood in the vessels 
ia which it is now about to flow P fiy repeated contrac- 
tions, tfall arteries might continue to throw Mood into 
die veiMI^ iintil the column of fluid in these vessels should 
tabOiM die force of die last portion of the arteries. 
There are ^6 data from which &is force can be calcu-i' 
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hied, b wottM appear to be.«(|«id torthaft'ofthefaMrt* 
To what €xleDt aforee» eqwd to Aat of ii» hearti die- 
tribute in doe proportion, aad adting Qpon-tkeiUoodin 
the ioQttinerable veooos oapiliaries, • wotddipromoite the 
iDotioo of the blood in. the veiaa, withontthe. oo^optcik 
tion (tf any other agent, is a qaeetion me fannol occtataijr 
determine* 



; » 



There are, however» certain reaMoaifrotti. wUeh it 
aMgr be eondndiHlf*— 1* That the; vis a terffo^.w fone 
darived from* the heart and. arteriea, is iaaoffieient t» 
balanee aad keep in m<^OD» the ivhele bloodia ihrve* 
Boaa 8yetem« — ^ That from vari<Hie phenomeaa aeeoifr* 
paoying this part of the circakitioo, the molaon of the 
blood as it exists la the veiii% coald not be prodmc^ by 
aay power alowt . however, strong, diat was so dirteted. 

!• If we take into eonsideratioa. the qu^tijty .of bkwd 
in the veins, it will appear .too gr^t to be ioetltioed 
and kept in mottonf by the ciontiiwtions of the last part 
of the arteries alone. The veins are sappdsedto con* 
tain at least twice as much blood as flows io the ar|9* 
ries. Bnt the wei^t of this mass, upon the supposi** 
tion of its bf^iag balanced and advanced, by ran. vopalse 
from the ends of the arteries, is enormously mcressed 
by thei fbrm.of the vessels in which the fluid to be moved 
is contained, and bv the. Doaiticii of diese mssels io re- 
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Itftioti to the movHig fioWer.-^^The vehi% as has beM 
mentioned^ ramify froin tnmks which arise from the 
bear^ after the maiiner of the hranehing of a tree* The 
ar«i iff liie tramverse section of all 1^ branehes united 
eoBliiniidiy knaiMifesi the farther tUa section is taken 
from the heart f andy at the ends of the veinsy at which 
the impulse must be made upon the blood, the area of 
the transverse section is the largest of all. The bloody 
Aerefere» in approidiingr Ae heart is coastiantly paB^ng 
iato a ' oarrtfvrer cfattineL Its motion is expended, net 
#ely on the oolumn^^Mood^beforetl, but upon the con-* 
Mating aidee of the diannel along which it moves. So 
dmt, in ftet, the impulse, necessary for advancing the 
Uood in the vi^, would not have the weight of the 
Mood hefete it alone to support, but the weight of a 
cylinder cf Uood, the base of which is: equal is aiea la 
the transverse section of the veins at their ends, and the 
height is'f he distance between this seedon and'the heart. 
The finrm i^d posttioti of the veins are, therefore,: the 
most ^uafttveumble' that can 'be tcoaeeived to the motio» 
of die Uood, upon the soppontion of its being totaify 
advatieid by a f»i a ier^ro. 

Fermisrly • the Uood vessels w«re supposed to eonsti* 
tote a oone« whh die base at the heart, and the apes 
formed by thaek^veuie vessels. • From -this structarp, 
MestheiibMMiek : ait^mipted to aooauut for flie apparent 
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Cftfjr motkm (^ tb^ Uood in ifae veins* His argumeat 
VSB, ihftt, w thje blood flowed from a nanronrer into a 
more mnplo obannel, a weaker. |M^W9r ffpm- behind was 
reqaired to advaooe it. The force tranaoiitted frooi'^ 
bawl; atod arteries woald be in propqt^op to iha aqnare 
of the ^aodeier of tbe agu^' v^aiaaiaM wbkh ymt^ saj^ 
pmd to 49pnatit«te 4be a|wi af tbe «ooae (and tbinafore 
i« fibam aa(iall09|) ^maUiplied imo tlis diatunaa of tbe 
aaalaon from tbe bean* Bat anbaaqiieiil 4i«lx>9erie8 in 
asatonay ba«e pro¥ed tbatAis ytpa<ahiy» tb^^gb jastt 
ia.lboaded opon i^roneooa'pnadplaa. fUr it baa biwa 
SMind tbat Ae toaoavaraa aaatioa^f att ibajbiwahea 
imited aaaaads greatly tbe feriwvMaa aoBlMiipf fth^ 
tnink{ tbat in reality (he baart ia tbai^^ of tbe cose ; 
apdtbatjthe termioatigMaf tbeeartneaoe TeaMkform 

s 

jRie^aa foitm freqitent aOT ali owa i Oi # %f^eol«* 
Uoon^of ' eanrenta Daeetbf j«t eooaidcmUe aogla^ tbe 
aMinnnitnni lef each ia to a oeriain 4egKae eip^nded^ 

2. Bot, allowing that the beftrt and arleriat mm 
* anflBdent to advance aneh a quantity of blood under all 
tbe iaspeditnenla to wbiah it iaanbjaiit^'tbie iWM^re 
evidently not fitted for tbeir si^jifiosiQd offiee* Tb^y 
ipiiafebe.aUoiired to be alaray» in )W eatreate 44ffmot 
diateofipn. In tbe Jlewer extrmaitw^f p»rt{cidaiAyi«i Ibe 
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erect posture^ they would necessarily have to sastain 
saeh a degree of lateral distension as their coats could 
scarcely be supposed to resist* The valves, with which 
diese vessels are furnished^ admitting them to be as 
perfect as possible, could not remove this pressure at 
all times ; for they must be opened by the force of the 
blood advandng to the heart, when the vein would have 
to sostaio at any part the weight of a cylinder of blood, 
of which the base was equal to the square of the diame«* 
ter of the vein at that part, and the height to its distance 
from the heart. But the veins^ even in the lower ex* 
tremities^ do not appear to sustain any considerable de* 
pee of lateral pressure* When slightly pressed, they 
swell on the side of the point of pressure farthest from 
the heart, to a considerably greater size. They cer* 
tainly, therefore, in their ordinary state are not in the 
situation of rigid tubes ; which they must bei^j^jmitted 
to be, upon the supposition of the blood beingv^vanced 
through theoi by a force impressed upon t]m fluid at 
their distant terminations* Besides a vein wounded in 
these circumstances, would never cease to flow while 
there was any blood in the part of it between the orifice 
and the heart, which would be nearly as long as there 
was blood in the system. ^H./ 

Many other phenomena might be stated, perfej;tly 
incompatible with the supposition of the venous blood 
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being circulated by a force acting from behind, but these 
we shall omit to notice at present, both because suffici- 
ent proof has been already adduced, that the projectile 
force of the heart and vibrations of the arteries are not 
the only agents employed in returning the blood from 
the extreme vessels to the heart ; and because a better 
opportunity will occur of considering those phenomena, 
after the other powers, supposed to be eng^ed in the 
circulation, have been explained. 

It may be concluded, therefore, from what has beeu 
said, that a certain degree of the motion of the, blood in 
the veins is produced by the force of the arteries ; or, 
in other words, by a vis a tergo ; but how great we 
cannot certainly estimate ; — that, in consideration of the 
mass of fluid to be advanced, and of the obstacles of 
various kinds and of powerful efficacy which are to be 
overcome, the supposition of the whole motion ^.the 
blood in the veins being the effect of an impulse re- 
ceived from the terminations of the arteries appears 
most extravagant and altogether untenable ; that the 
structure and position of the veins are not fitted for 
circulating a fluid, in consequence of a cause acting at 
the commencement of its motion alone \ and that we 
are convinced that the venous blood is far from being 
wholly circulated by such a cause from various phe* 
pomena attending that circulation. . 
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Some physiologists still contend, that the coats of 
the veins are contracted and dilated alternately after the 
manner of the arteries ; bat that, as the blood flows 
with much less impetuosity in the veins than in the ar- 
teries, the small imperceptible vibrations of the former 
are sufficient for the accomplishment of an effect pro- 
portionably less. 

In the first place, what is assumed in this argument 
is erroneous, that the quantity of motion belonging to 
the blood in the veins is less than that belonging to the 
blood in the arteries. For, it has been already demon- 
strated, that the quantity of motion in equal portions or 
lengths of the circulating system, supposing all the 
branches included, is equal in equal times, from what- 
ever part of the circulation those portions may be taken. 
Now, as the distance from the ends of the arteries to 
the heart, may be presumed to be equal to the distance 
of the ends of the veins to the heart, it must follow, 
that the quantities of motion, in the two systems em- 
braced between these equidistant points and the heart, 
are universally equal in equal times. 

Supposing the motions in the two systems inde- 
pendent on each other, and the resistances the same in 
both, the powers required to produce those motions 
would be equal. The venous circulation receives in- 
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deed an impulse from the arterial, the extent of which 
impulse we cannot ascertain. Bat on the other handy 
it must be admitted, that the formation of the veins, 
and their position with respect to the moving powers, 
are less favourable to the motion of the venous blood 
than those of the arteries to th e arterial, upon the sup- 
position of each being produced by an impulse impressed 
upon it from behind, or by the oontraction of the coats 
of the containing vessels. We cannot compare the im* 
petus received by the venous circulation from the arte- 
rial with the additional resistances to be overcome in 
the veins, but, I presume, it will be found to be erring 
in favour of the arterial impetus, if we si^pose them 
equal ; and that there still would remain a motion in 
the veins requiring powers equal to those by which the 
whole arterial blood is moved. If such vigorous and 
perspicuous causes are required to produce the arterial 
circulation, can we suppose an equal effect, the venous 
circulation, to be produced by causes of the same kind, 
and operating in the same manner, but so much less in 
degree as to be perfectly imperceptible ? 

It is admitted that vibrations are perceptible in the 
larger arteries only, but it is assumed that the smaller 
or capillary arteries also vibrate ; and that, in conse- 
quence, they contribute as well as the larger arteries to 
promote the passage of the blood through their cavities* 
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May not, k has been asked, the capillary veins also 
vibrate, though imperceptibly, to the same extent with 
the capillary arteries ; and equally promote the current 
of the blood while it flows in them ? 

As liie capllary v^os are the contimiadon of vessels 
whtdi certainly do not vibrati^ it is presunuible that they 
are possessed of the same structure and properties. In- 
flammatioo, while it afibrds th^ strongest proof of th^ 
vibration of the Oftpillary arteries, seems to dispossess 
the veins of that property* For if the capillary veins 
were eKcited by stimuli in the same manner with the 
capillary arteries ; and i^ when excited, they affected 
the blood in the same manner that, the capillary arterieB 
in diat condition are allowed to do^ die veins of ^ay 
part strongly stimtdated, would have transmitted Ae 
blood as rapidly through them as it had. been received 
from the excited arteries, and there would be no accu- 
malationt and of consequence, no inflammation in that 
part* 

But admitting that not only thjB capillary vdnsj but 
also that the whole venous system vihrat^i what would 
be the effect of these vibrations ? — ^Undoubtedly to send 
the blood from the heart to the extremities ; fr^m the 
apex to the base- of ,the jcone ;. to reverse the Cjourse of 
the blood, not to f rojnote it. 
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The quickened circulation and strong beatings of the 
heart and arteries, which attend vehement bodily exer* 
tion, readily indicated muscular action to be connected 
with the motion of the blood ; and have caused it, in 
the general opinion, to be ranked among the powers 
produced by nature for the circulation of this fluid. The 
following is the manner in which this power is supposed 
to contribute its aid towards the accomplishment of this 
important end* A muscle, in its contracted condition, 
pressing upon the full veins that run beneath it, drives 
the blood froni the parts of the veins that are under the 
influence of its pressure. The blood will tend to flow 
in all directions from the centre of pressure, but is pre- 
vented from returning towards the extremities of the 
vdns, by the valves with which these vessels are fur- 
nished ; and is necessarily directed towards the heart, 
in which course it meets with no obstruction.' ' As the 
muscle soon relaxes, the vein is again relieved from 
pressure ; becomes an easy receptacle for a new supply 
of fluid, which by the mechanism of valves can only be 
drawn from the extremities, and which the succeeding 
contraction of the muscle directs in the same forcible 
manner towards the heart. 

Let us consider for a moment more closely the effects 
of muscular action upon the motion of the blood. Ad- 
mitting that the valves, with which the veins are fur- 
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nishedy are sufficiently perfect, which they certainly are 
not always, to prevent the retrograde motion of fluidsi 
it appears doubtful whether the circulation of the blood 
be directly promoted by muscular action. The same 
agent, which drove the blood, flowing between the center 
of pressure and the heart, with augmented impetuosity 
towards that organ, would close the valves against the 
blood that was coming from the extremities, and bring 
for a time to rest the whole current that was in motion 
between the shut valves and the ends of the veins^i — 
Reasoning, therefore, a priori^ we should be led to ex* 
pect that the action of muscles would impede the circu- 
lation in one part while it increases it in another, and 
that the immediate influence of their action would be to 
render the circulation unequal in force and interrupted^ 
not uniformly stronger and quicker. 

This argument receives considerable support from the 
frequently observed efiects of violent muscular action. 
In those spasmodic afiections unaccompanied with any 
increase of the natural heat, as epilepsy, hysteria, and 
the like, where the muscles are contracted and relaxed 
with great rapidity, and in a violent manner, the mo- 
tion of the blood does not appear to be increased ; the 
pulsations of the heart and arteries are found to be un- 
equal both with respect to strength and quickness, not 
generally stronger or more frequent. 
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After long volontary exeitioA , ' and" ' ' xAten tliey Mve 
been $o frequently vepeaMd ta to proddce f&tigae, mus- 
cular contractfons cease to hare* any inffiieiic^ in aug<- 

tnentins: the motion of the blood. * ^ * 

i 

i. »j 

During voluntary bodily exertion, two causes iseern to 
aid at least tlie direct influence of musifukr abtim in tn^ 
creasing the motion of the blood. By the strongier, 
though interrupted) impulses of the returning blood, the 
heart sustains a degree of violence, th6 atlrfcle^ ftre" per- 
haps more than usually distended and stitimlaEted, atid 
(ihe \;^hole organ roused into a morcf vigorous' actlbti. 
Tile increase in the energy of the hearty wfalbb wfll 
speedily be communicated to the \riidkl dniiilatifig or* 
gans, continues, though the cause that produced it may 
be withdrawn. Hence we find, that ^ strong mbmen- 
tary effort is often succeeded by violent pulsations; vAicli 
frequently continue for a considerable time, thbugh the 

r 

cause that produced them be not repbat^, and thbbgh 
bodily exertion of ev^ry kind, be entirely snspendSd. 
Chemistry has lately supplied anoihei* dtdse, why the 
circulation should be increased by viofent muscular ac- 
tion. In making any great bodily effort, the ch<isf id 
naturally enlarged to an unusud degree, the inspirations 
are fuller, and often more frequently f 6{)eaf6d. Henoe 
a greater quantity of atmospheric air will be feceiVfed 
into, and transmitted from the ludgs in the same time. 
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th^n when the body is at rest* The heat, there&re^ of 
the system will be inereased» the blood rendeiied more 
arterial aod stimulant^ and the general irritability aug- 
mented. A stronger and more rapid circulation will 
necessarily be produced by a combination of causes in* 
creasing at the same time the irritabili^ of the circulat- 
ing org^mst and the energy of their {qpprofNriate stimi]i- 

* ( 

la f#v6ce .^u4, ^oflwimatory disoa{ioo» while all the 
muscles^ exo^i;g. tbos^^ employed in resptrationt are at 
restf the heart and ariterii^s «often beat as powerfully, and 
as nfiAlfp as they are ever ob^rved to do under the 
most violent, exercise* 

Sinc^, therefore, the blood often circulates with its 
gr<!|^&t force and regularity, for a considerable periody 
daring wfaidi, nearly all the muscles of the body, but 
sspecially those . which by their action could affect the 
vemds, are at. perfect rest; since a quickened circula- 
tion is not always the consequence of a violent and very 
g^eral action of the muscles } and since, even iu thosQ 
csies in which muscular action is attended with a more 
vehememt drculation, this effect is chiefly to be ascribed 
to cauises different from the immediate action of the 
muscles upon the subjacent vessels ; it may be concluded 
with the most perfect certainty, that the action of the 

R 
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mttsdes duper-incumbent upon the veins is not neeessHiy 
to the ctrcnlation of the blood* Nor was it indeed to 
have been expected, that nature ^M)ald have left any share 
of an opemiion, that cannot be infermpted scareriffat 
8 moment, wkhottt the saspensioD or Iosb' of life, tti^ a^ 
cause 80 acddental and preeariow. 

* 

The important uses of muscular action in removifl^ 
impediments, in restoring the balance, and in correcting 
errors in the circulation, might eamly be explaiaed } but 
as these are only occasionally required, and preeoppese 
ike existence of powers adequate in or<finary eurcM* 
stances to the motion of the blood, it is foreign from the 
purpose of this inquiry to dwell upon them. 

A cause of the motion of the venous blood, mete con- 
stant in its operation than muscular action, butaimiltf 
ia its manner of 'application, is supposed to b^ demei 
from the vibration of the arteries^ It will be-remet** 
bered, from the account that was given of the stmdHM 
and arrangement of the Uood vessels, tibat the arteiMii 
are generally accompanied by their corresponding^ veipSii 
The arteries, by dilating, are 8tt{qpoBed to make a di» 
pression into the sides of the accompanying veins^ 14 
dimini^ their cavity, and to promote the course of thA 
Uood contained in them towards the heart, in the mM 
manner that it has been believed to be promoted by ^ 
pressure of a contracting muscle. 
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Nodnng could more Btrikiogly demoaBtrate die diffi« 

fsM» to whidi pbj/vidofiste have been redaeed» in at- 

temptiag to aceount for the motion of the blood in the 

veiflSytibao the efficacy wfaidi has generally been acknow* 

ledged to belong to this i^ent* As we may Curly sap-? 

{Hwe that an artery in its diastole becomes distended 

equally on all aides, the difference of the length of its 

aeoii-dianeter in its diastole^ and , of that in its systole, 

viU soaasore the wMe depth of the depressiont whichf 

by its dilatatioQi it can make in the vein* As both the 

artery and the vein are cylinders^ and motnally recede on 

csdi side of the line of contact, the diminution produced 

in Am general cavity of the vem, by so imperceptibly shaU 

low und nvnow a d^ression, mnst be extremely small. 

But Co atlow any effect, in the way contended for, to 

diis Bflotpnlse, it is necessary to suppose the veins to be 

in a state of rigid distension, which they certainly, for 

the most part, are not ; and if they were in such a state 

sf dist^sion, would not the dilating artery be more 

likely to displace the vein slightly, which in general is 

aet4ifficidt, than to make any impression upon its sides ? 

JBatwehave hitherto been supposing the artery to b^ 

Ibroagibont in dbse contact with the vein. This is not 

genersHy the case ; and if they were in contact, would 

it not be as reasonable to suppose that the artery receded 

from the line of contact in its systole, as that it advanced 

beyond it in the diastole ? Granting that the artery. 
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wbeR dihtedittiale m iftif)r08MM U{loii dw tein; ihrMgfa- 
i^ut its whole lehgtb^ the effiseC x>f tfaii iimpri^MioB Would 
Be as tiittch agaimt i»"io fa(V€«r of ^betnotton of the 
Uood^ ki'ilie T0iii. ' j?er in fliih^^ :tb«4iiom6tittftii'<tr 
efMd in^^ JSuMiom^ ftoui AreeiitM ^Pffimmwi' >lt 
^11 ecsriely he eMiMided^ thM tie ftlvistt omU have 
tii;^ inflaeDee m this caee* Befeteny iil«r«tioii eoeld-iie 
pfoctiiced bf them m tiM ^irectioii <rf' tbe kttprtll^ dtfU, 
itknteeeflftiy to iappoee tbemt» fasvebeea dwed^f luid 
to deee tbem the blood nraet famr# beeo dbi^^etf 'M ciiie 
ride in a relrogrftde eoDiwt Bet lli«e and eflt^As 'to 
ivij^i the slight ijoapnlaer of an arterj are, in any etip- 
poeeable circiimetaiiee, altogeAer inadefsata. BeiiAeei 
neidier in the quiesoettt Teia iexpeeed'by lihe iBaeeeiSttg 
knifed nor in the untf«rm etreaniy fhifAhgttim an liii^ 
fi&e made into ke "cavity^ ean' the eeneeb f eeognisBe any 
marks of the pulsations of ^e arteries. 
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it'may to urged, liiat, AMgh^tte reeaei^g here 
pttrstied, is confirmed by obbervatioii, afldeonehisfW so 
far a6 the larger vebssls are eooeemed, Ae edctreme ve§^ 
i9el6 are so minnte, eomaltiplied, ai|d'soaeouakilaM4 
that' a eapiUary yein atiay be acted against by setteril <aU 
irfHary arteries at the saom thfae^ Inreply to this eb- 
s^ttatiiin it may be stated, that betw^n the Mpittiry 
rainifieations^ if we judge fnonr arialogy of straottirei 
aetne-' mueecdar, oeHukuv or^ nerrousy subeca^ce in aH 
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pfohilMlilyralwagrfa iiif)9rwM8» by.whiflrlhd vesselt am 
protaoled flgftinal; %hb aotJons of each Qtker« But in a 
OM iq ^wkiiA obaKrvalkm' oaanot be appealed fo^aod 
wben^-raigiiflieBt vpaj be oppoaed to ^arguoMnt. without 
I^iimg. owif ktioiit let it he admitted diat tiie Yeaofa 
q^piUmrioe are a^ted^ apon hf the arterid to the^etxtent 
aadFa»;|be itia«»er here aappbaed* What would be ^ 
wult l»l thee^ pfalaatbae ? The general cafity of 'the 
TOQPiia capyianea ia eappoaed to he diniiiiMhed by liia 
pree^tiFe of the dihUed arteiiea^ In what direction would 
tbe^gmmier pait of die bleed «peBed front the yodous 
QipiParaea flow? iThe diachaige, euppotbg ne odbar 
ipwm epncernedf wwiald be ia proporttbn ,to the dimeiN 
MMfta^of tbe«oii4#ta afiorded by the vessels under pres« 
s«re« But^ aa the^ teioa iorm a eoUe, the apex.of whiell 
k^^ heevty Aa ootltis aM>i|ld bn greater byroad the 
pressure^ or at thaeads of the veiasi than on tiiis tide 
of it. Therefore! by the supposed pressure acting singly^ 
a gi$ea(«;<9iaatit?fi of Uead would be drtven b a r«tro« 
grad0;di»eetioii^ 4hair towards the heart. The nibniea* 
taiB^aoaeequeatfyi oemanmicated to the venoas Uood 
a UifSfo by/the impdses of the liaart and arteries^ woaM 
he ifioiiaiBhiid by the supposed ktend preasute of the 
aiteriei^ This argument opposes with equal force the 
tsppositieii tof the venoiu blood being aided by tha. pro* 
pvi vibratiras of the veins* Admitting, stilU ^t the 
V8IHM1S apiaries,' atber by tbdr own aolioaf or by^the 
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borrowed tmimkM of the aooompanying arteries, oon* 
Iriboted in some onkaown waj, to the paastge of the 
blood tiimogh them ; idl those argoments, wfaid h$m 
boon advaneed to refatefeioB of the opinion of the Uood 
in the larger vrios befog eircnkted solely by the foree 
of Afd heart and arteries^ prorril eqaaliy agafant tbe 
anpiMflition of its motion bebg all eSsetsd by these or* 
ganSf aided by IIm -proper orborrosiMl aetion of the os* 
pfflary Teins. 

QyiHary attraelion ts aaotiisr po#sr to wbidi no 
mtm& inflqonoe in advancing tlie venous Uood bos bsra 
atlribiited. It is certain thait Ando will rise to a eos* 
mfaoBblo heiglit ia tabes by what is termed capillary at- 
traction ; and, as the small ^itrsme veins are in cs- 
parity similar to capillary Inbes, it is siipposed by some 
liMl the Uood is eipeslated throngii tbo vains panihf by 
thfonanM. Variomi b y po t h css s bavo been proposed re* 
s p flB l iu g.tfaocapseof tbe ascent of fluids above their 
levsl^iacapfflary tabes) bu^nridNNit wailing tsiezanims 
Aese hjrpodiesss, there is no doubt that 'tlie'Offeet if 
piwdaoed by an Mtraetion in some wqr exerted between 
ifaie sides of Ae tidieand Ae fluid. It is therefore {dam, 
that toiy fbree which tends to transmit the blood limNigfa 
these small vessels must act in oppontion to any at- 
traciioh between the sides of the vessds and Ae flaid 
that is propelled through them, and that, of ooose* 
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qneooey Hut fofee^ which is admitted to fraoeiodirM(» 
tbe arteries and aftet the blood ia tha aaiuill veiaa aa* 
peeially, OMist be resiated by capiUary attraotaaii* It is 
endoity tbHraCoce, the capillary attraetioD» if it oifiitri-* 
bttte aay awataoea tothapasMigaof .tbeJblood.throi^ 
the smdtt veisB, ia tbe ooly power eoac^medi and thiit 
it caaaot ooH>pemla. with any odbar. But furtherf aa 
bolfaeiidi' of theilB. 4)^NUary (Qbea are . iaaerted iaitot or 
arise frora^ veesela filled with blood, what reaeon iatberor 
to sappoae that the blood should always be moved in 
one difeetian by this power ? Might It not hei a|^e» 
lieadied that its motion wodU be oocasionaUy inverted 
by it? Afiter these veBsala have been all fiUad with 
bloody by what power are they to be again emptied aaiA 
fitted for the reception of a fresh supply. Besides, ia 
the dreamslaneea most fitvoavaUe £or the operation of 
eifattuy attraelionr iaida can be raised by it only to a 
finntei hogfatabove tfa^ krreL-^CSs|iiBary aMraettoa^ 
therefoff^ instead of promoting Ae motian of the blood 
durooghlte sfloall vons^ appears to bo a principal icautf 
of its retardatiott* 

The motion of the blood has been snppoaed to bain<' 
foenced by gravitation* Tbe argument naually urged 
upon this subject is, that this power operatea upon ibm 
blood M- it does upon all the substances with which spp 
are acquainted, that gravitation will sometimes &voaiv 
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and som^mes retard^ the motion of theUood aeeording 
to the position of the vessels in which it moves, aad 
that if this power shonld favour it in one par t^ of the 
eoursei it is likely to retard it equally in another, or in 
ViQssels in which itscorrent i$ reversed. 

... - ■ ' , . 

. X)r- Darwiuy after acknowledging (hat the prsyeedie 
influence i^ the heart and arteries does not extend. be* 
yond the ends, of the arterial system,, maiatsios that the 
veins take up the blood from the arteries hy absorption, 
in the manner that a sponge imbibes water. But this 
cddbrated author has not waited to reply to a qoesdon 
that seems to follow of necessi^-^ What is the cause of 
absorption ? 



Dr. Wilson, formerly a physician of Mewqaatle upon 
Tyae, published a very curious and ingenious pamphlet 
on the causes of the motion of die blood, especially is 
the veins. This physiologist conceives thiat the heart 
is dilated by a property inherent in itself, and not by 
the impetus of thu blood either issuing from the roots 
of the veins into the heart, or from one chamber of this 
organ into another, and that, in consequence of this tii- 
latation, a cavi^ or vacuum is produced) by which the 
blood is pumped from the veins, into the heart. The 
question respecting the dilatation of the heart had been 
a subject of controversy for a considerable period after 
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tke diMDvAvy ^^^4kedtttii$idmkoi «b6 blMd; It bdl 
btBCB Ji^gadl^ agvnit^/ the '^qmaen m>i#* renewed by Dr« 
WilsoBy. thai ike tualtttti ttatd <tf Ike noseiee was dmt 
if QBiitraeiioibjittwii lUft 'heaw keftig a hcAow tfiiisde 
and having no aaitagMitt^ tito l$lmalaat^tetlAeM]f i^ 
own action mnst be to diminiah ita cavity ; and lbal» 
eMi^ednfittia g^the dfagt o l e ^ te Ao natrntd eendition 
oC tlie:oi^;ni^ 310 tnlvity oi^ fMMm edrid be fimned'bttl 
flimj^a vekfltad*eatt0iiliM of the 8ide»^ jilaciiig Aenhf, at 
imiat»{]nra'ei$«U«Min^niortf/MOlilrable to be wfliieiiced Irf 
dieiii^tosviif:4b0'vettii%iia]^'bl0od. Dr» HVihon'has 
aaidbed to lite Iiaart<lkepr<^i^y of edMilatation iHdi- 
OQtifiiippovitdg Ida aAaerl|oB by adequate preof» or vvift« 
out refnting the argnmenta which had been orged 
against it^ and which had long been admitted in the 
sckapk 4it mefficine m iri^ttigalile and coddnsaVe. '* In 
ciMi8cq[aei|oi^ tke. hyjpetbeftis el^ Jks Wilson does not 
neni to kfve .aUvaetod^ niiiob attentiofn ; and the doe-> 
triaedAtUke cavitim of the he^ 1^ dilated by" die 
IWsce <xf the btood rudaiti^ inCeTthem, editiftnei^ to bere>- 
orived «^itke«t beeitatioi]^ and almoet without ioqiiiry* * 



,. > 



The vitality oC the McKidr end^of tkeiresMis in which 
itflows^ lodetiradeBt of the action of thofi^ veiMels^ has 
been snpfoced by some writers, net only to geaeratie an ' 
inerease in tbe motion o! this flnid, but so to modify' its 
chaiacter, as to einancijMtte it| io a great degree, fnmr 

8 
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thMe laws to which the motion of dead subetaiioes ii 
subjected. ** It is io vain, " says a recent author, **to 
attempt to apply the laws of hydrostatics to the Uood, 
a \W\ng fluid moving in living tubes. '* The late Mr. 
Jdin Hunter supposed that the Mood was possessed of 
life id a more extaided sense than had been done by 
former writers ; and has attributed to it faculties, wbieh 
necessarily imply the existence of a certain degree of 
consciousness, judgment, and even locomotion. Ao op- 
portunity may occur in the course <^ due inquiry, rf 
conidering of Mr. Hunter's doctrines at greater length. 
No physiologist, nevertheless, so far as I know, has 
ventured to describe how the passage of the Uood could 
be immediately promoted, or its motien' modelled by its 
vitality. The assertion of a late wiiteri indeed, im« 
plies the belief of a voluntary effort on iSbe part of 
the blood itself, since he enumerates anM>ng the causes 
of the circulation of this fluid, the frequency with 
which it had travelled the same course before. But 
admitting die truth of all that has been said, or fanded, 
respeodttg the vitality of the blood, there would itffl 
remain insuperable objections to the supposition of 
the motion of this fluid being prbmoted byit in any 
degree, or being regulated by pecuHar unknown laiws. 
Should die property of locomotion 'be ascribed to single 
particles, or to any combination of pfsMides, there WdiiM 
stifl be required a general mind to direct the wills <tf &D 



dboae partieles, or cowbiDations of pttrtides* compaMsg 
the whole mass* to one eoimnoii ol^t. 

Willi respeet to vitality con^dered as a eause of 
flfti£^9 or of that particalac oombiaatioD o£ the consti^^ 
toeai partSy by which the uniform coMistonce of the 
Uood is preserved^ and by whieb it is fitted for motion 
in vesaela of mimite calibre, or as assisdag in the form, 
atioo of those stimolaiit qoalities, by which the heart 
sad arteries are escitod, and the motioo of the blood ia* 
directly proipotedy the particular point of the qoe«tioa 
now under dtscussiony is not ut all concerned^ 

But it is contended that the organs, in whiph the 
Ueodia eontaiaed^ and by which it is put into modoa, 
nu^ is consequeaee of thaic yitality , impart to this fliud 
ft peculiar motioo^ ^ff^eni in its properties Irom that of 
fluids pf opelled by iaanimate agents*. To such as am 
gse in this maanery it will be suf&nent to reply* that 
ibe modon of bodiei^ unccsineetod with the caoeea by 
wUeh it may have been produced^ is the maij^ object 
of laeehaiiieal {Ailosophy* and that motion^ in .all eases, 
ebsanMBi eortun ixed laws, is aa soon as produced, in« 
dipendrat of iiheaaiisaa by which it had been generated, 
and eaa he in no degnae afterwarda mod&d by Aem, 
^ri&oat the eeaunuaicatioB of a iveik impulse to die 
laoidog! bedgr* The hand from which the h^l has juit 
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been dieeh a rged, liae bow no influence in qaidcening^ or 
retarding its prc^^ress through die air. In the same 
drcumstaneesy the modon, that had been generated by 
any living powers, will not be expended more or less 
rapidly than the same motion generated by inanimate 
agents. Nor can the qualities of motion be separated* 
It is not possible for any power to communicate to anjr 
body one quality of motion, and withhold from it 
another. It cannot communicate to a given quaati^ of 
natter a certain velocity^ and wiAhoid from it a doe 
proportion of momentnmy nor momentum wttfaout a re* 
qaisite vdoea^* 

OpmionSy nevertheless, contnuBcting these plain and 
wdl-established truths, have been maintained by men of 
eminence. The ingenious and aocnrate Dr. Hales eveni 
htmn0\fk the course of his valuable experiments to as- 
certun tiie force of the blood, found, that the momentum 
of this fluid issuing out of a divided vein, bore no pro- 
portion to that of die stream from its corresponding ar- 
tery^ (whik considering the quantity of fluid in motion, 
and the vdocky widi which, in the living body, it must 
flow» in order to return a suflfident supply to the heart 
in die time required, the mommtum of the stream from 
^ die Tcm ought to have been neariy equal to that of the 
artery,) conduded hastily, that the motion dF the blood 
not goforned by dioee lawn to which the muAm of 
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odier flttids was subjected. But would it not have beeii 
more beooming and jndicious in the philosopher to su8« 
pect that his experiments did not fairly indicate the rela* 
tive forces of the venous and arterial currents, than thai 
the laws of nature, so uniform and constant, should, in 
diis instance, be transgressed ? Before a doctrine, so 
contrary to experience in every other subject, so contra- 
dictory to reason, so discouraging and inauspicious to 
improvement, be received, it will be necessary for those 
who have advanced it, to shew that they are acquainted 
with all the capacities of the system, and that nothing 
can have escaped their penetration. For their argument 
is not positive but negative. It is founded upon the 
sapposition, that every thing that is possible in the case 
is known ; a spedes of reasoning which, particularly ih 
plqiaics, has ever been found to be fruitful in error,* and 
whidi ovght never to be relied upon except, perhaps, in 
the science of pure mathematics. On the contrary, it 
is hoped, that in the course of this inquiry it will be 
found, that the experiments of Dr. Hales and other emi- 
nent inquirers, do not sanction the opinion, that the mo* 
tion of the blood is at variance with the received laws of 
hydraulics, but that, like that of eveiy fluid, it is sub- 
jected to their government. - 

4 ■ 

Wbk the cause of muscular action we pretend not to 
be acquainted, but the effects of that action, as exhibited 
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io the motion of raaterttl aobitaitcet^ are thoobjeoto of 
as certaifi calcnlatioa as die apple that drii^ from ike 
tree» the ball that is prigected from the laoulli of a eaa- 
■M9 or the moon that revolves in its orbit ; aad we are 
ae Kttle aofnaiBted with the caoees of gnivilatibo» at* 
traclioDy and projection, as with those of mosoalar 
actioiu- 

Many years after the paUicatioa of Ae Inquiry into 
the causes of the motion of the bloody Dr« Barryi now 
Sir D« Barry, read a memoir hi the Institute oi Fnniee, 
00 the causes of the motion of dm bloody paiticalarly of 
its ralurn to the heart in the veins. This memoir was 
referred to a oommittee> with, directions to report to the 
institute respecting its merits^ acoording to the usage of 
that society in such cases. This comatittee» whi^ con- 
smted of men of great acienttfic merit, made a remarks* 
bly flattering report of Sr. D« Banry's pei^Mmaace ; 
asserting that his views were original,, and supported by 
evidence rsstii^ upon, his experiments, whsdl left do 
doubt of their truth. 1^ llie publication of duaimamoin 
along with the report of tha comnuttee of tiie institate^ 
in French, English, and perhaps in qither hmguaget^ 
Sir D. Barry obtained a sudden, extensive^ and high 
reputation. As the doctrine advanced by Sir D. Barry» 
is only a modiication of the opinions which: I had pub- 
lished many years before^ aad as it will be a better time 
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to ascertain whether this modification be an improve* 
ment or otherwise, of the original doctrine, I defer the 
examination of Sir D* Barry's memoir, until I shall 
ba?e stated my own views in their proper place, lii this 
work. Tlie committee of the French Institute, who re* 
ported conceniing Sir D. Barry's performance, were 
evidently at that time, totally unacquamted with the In- 
quiry into the causes of the motion of tiie blood, pub- 
Kshed in England in the year lS15. 

Dr. Amott, in a very popular work lately published 
on Physic^ oontends that the motion of the blood cannot 
be uded by the removal of any share of atmospherical 
pressure from tiie blood in tiie confines of the chest, m 
consequence of the pliant nature of the coats of vessels, 
in which it is returned to the heart. This autiior is of 
opinion, that the venous blood is propelled by tiie action 
of tiie capillary arteries. Tlus doctrine, which tiie au- 
thor admits is only speculative, with the objections ad- 
vanced by him to tiie influence of atmospherical pres- 
tbre, according to the views of Dr. Wilson^ Sir. D. 
Barry, and myself, will also be examined at a more 
suitable placoi in a subsequent part of this volume. 



THE TRUE CAU^S OP THE MOTION OF 
THE BiX)OD IN THE-VEINS. . 



It has, I trust, been clearly shewn, that the capa^ eoQp 
merated in the preceding pages are inadequate to the 
whole iQotio^^C the blood j^ iMM^th^powi^^ tip^whfcb 
an important share of this effe^d^ is to be altrj3^n(edr Tf^ 
main to be explored. We proceed, then, in the second 
part of this inqiury, to the developement of those other 
^us(SBx , wbich appear to contribute to the motion of the 

blood ; and whi€^t:<^9P<?A^')K !^^^ ^/^^S^^i** ^c^ 
adequate to that effect. 



V ->-^r^ ^rt>\^*-i]b i—i i\ '-'• . " '■ 
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As the ^a^it,«^isY»W9Hc»tiona))Ij^^ tl^c; luoit iqafiqriBj^ 
organ engaged in the circulation of the bloq^t^it^wjU bf 
necessary to resume the consideration of its movem^ts* 

It will be found^ on reference to the preceding part of 
diis inquiry^ that the heart is divided into what is pro- 
perly termed the body of the heart and the appendages ; 
that each of those divisions, consisting of two chambers, 
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assumes successively opposite conditions ; aud that the 
diastole of the ventricles is synchronous with the systole 
of the auricles* 

It is neqessarily inferred from the conditions of the 
circulation^ that each of these cbaiBiibersy in aasuming^ the 
systole, disdiarges a oerttdn quantity of Uood, and in 
recovering the diastcdoi it receives iatot itself again a 
qaanti^» in ordinary eireiimstaaoe^ equal to that which 
it bad diadbarged. 

It was also stated, that physiolc^sts are agreed re- 
qiecting the i:auses of the contraction of the heart, and 
are unanimous in ascribing this movement to that pro* 
perty» which diaracteri9:es muscles (the class of snb- 
sbnces to which the heart bfdongs,) of beii^ contractad 
Qpon Ae applicatioti of appropriate stimolu 

The peculiar stimuli* by which the di&rent parts of 
die heart are excited to contract tbemselvesr^ are without 
doiib^ derived from the fresh blood which th^ receive 
at every diastole, and peihaps in the moat exti^nsive der 
gree from tiie uneasy distension sustained by the mus» 
calar fibres at the moment of full dilatation* 

By what causes are the chambers of the heart dikt^^ 
after contraction ? This question has particularly eu- 

T 
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gaged the attention of physiologists, from the period at 
which the circalation of the blood was discovered ; has 
given origin, as we have seen, to various hypothMesf; 
and, in the opinion of many, is still unresolved. 

As the determination of this question is df the utltlost 
importance in the present investigation, it seems proper 
in this place, although some repetition may be invDivdi 
in the statement, to consider briefly the causes to whieh 
the expansion of the chambers of die heart have^beeti 
imputed. 



* . 



The doctrine maintained on this subjeot by the ctk* 
brated Harvey, beyond whose age it is unnecessary to 
refer, was, that the auricles were dilated by the fortie of 
the blood returning to them through ibe veins ; and- die 
ventricles by the momentum of the Uood ^ projected 
through the auricular passages, during the contraotioo 
of the auricles. But the opinions of Dr. Harvey, on 
this subject, have not been universally adopted. . It haft 
appeared to many an extravagant supposition. that tbeife 
should still belong to the blood in the venous trunks 
such a force, especially considering the supposed origw 
of it, as should be sufficient to expand any of the diem' 
bers of the heart ; and, still more so, that the left ven- 
tricle should have for its antagonist so thin and t^eader 
a muscle as tiie left auricle. It has been cofitended by 
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maay that the property of dilatation, as well as that ci 
cootractiont is inherent in the heart itself, and that the 
bloodi does not force a passage into the auricles or ven- 
tridesj hfit enters them without opposition, or i^ solicited 
into them by their previous dilatation* Dr. Browne 
LaAgiJsb, is one of the most able supporters of this doc- 
trbe*^ Hue fdiilosopher contended, that two kinds of 
iwscttlar fibres are interwoven in the fabric of the h^art i 
tbsl by tlie oontraction of (we s^t of fibres, the cavttiee 
u?e diiiHQi9liyB4^; A&t, as soon as these have ceased, the 
other set begin to act, and bjr their contraction, restpir^ 
the former fibres to the distended state ; and that thus 
the chapibers are dilated. 

- It was urged in opposition to this doctri^e, that the 
assumption of two kinds of fibres existing, in the hearty 
aad acting at difierent instai;ices, was purely hypothetical ; 
that the supposition of muscular fibres, apparently of 
the ^gme structure and prop^ties, forming the ^me 
mnsole, .and subjecti^d to the sape exeiting causes, act- 
iag at' cBfierent times; "was unreasonable ;• and dbat tljbe 
contraction of any of the fibres of a hollow. muscle, mua^ 
necessarily , diminbh the cavity still farther, instead of 
expanding it« These objections appeared to afford a satis^ 
factory refutation of the opinions of Dr. B« l49Bgrish i. 
and, as has too frequently been the case, the overthrow 
of. this doctrine vras considered as an irrefragable, pr^f 
of the truth of the other. 



140 

M« Dmiiaiy a FreMb physiclogist tf '"gfttit ^eidMly, 
deirljr iUdoerned the insapenible tmtnre o§ the Mgec*' 
tieat which nfty be opposed against every hypolhesM 
hilberta adTsaoed on thk aobjeet, and has ktety pre* 
eeated a new view of the causes of the expansion of ^ 
heait« Be maintains Aat ihere constantly soirorada the 
blood in the living system, an expansive elastie eiliaiiii* 
tion^ or atmosphere, (une expanritm netwe) so power- 
M, -as to ex!paiid' die^cantMSf^isf the heart wften they 
are in dJMS state of rdaaDatioiriiliieli IbHdwn.eototnietNift i 
and thai dds tacpoxmte UMtjiBtMit^ 
tagonist of the mnscies of the hearty bat then^iQieiif^ 
palsations of the arteries* 



I .» , 



Bnt this lefaatie emanationy to whidi liie phfloso]^ 
hsn^nttribolsd ;Sndi 'woliderfid pownn^ is purely hypo* 
Anticsl f. its texistonoe^ indeed, has b ee n a t ti — yted^to M 
promdy bnt; by > An meet WBign^ andremole natdegieiy 
and iaappitcable and daceptnie^Bip eri nae ntBL .: Bntnd** 
ittitting that it £d exist, it mnst necessa#|^ aurroand 
Ae venons,aa*iMBamMteRa^ bloody and, tfairafire, 
Ae ireins must be allmnsd tn be ooMbniflytm miha 
alate of ifiatenmon an ihey wodd be pkced in by a pbw^ 
er enpAle nf dOadaglfo left ventricle of the heart ; a 
auppottlioa contradicted by*the sl^ghtirt observntioA^i'' 



• .■^. 



Hie doctrine generally ddivered in &e Bchoois 0f 
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medwne^ at |ire8eiit, on dm (fuestiM, is^ tliat the aari- 
des are -dUafted by 4ie feree^f ibe rilanNag Uood^ ai»d 
the vtiilriiiiles by . Ae impnlae; trafisoiiMed .txi tbem 
tboi^h ibe madiiMn of the blood by tbaamridos ; ibodi 
veiitricle». and' luineleB being pkcod by the jrelaxMioii 
yiliihgootttiaefioa^- io tbo ntoikieii ntioat' imrounMa 
tobedUated^ • 



,» »i ^. 
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For tile ptrpeee <of obtainiag a eatbfiMtory eofaitioli' 
affile ^peelaoiii->-^< WlMtarotiieeaiiaes of tbod&t«d«a^ 
rf dM bear! ? ^•-^^ eekidoo of the fint wiportaaoe m the 
pmetit iaqeiryy k wtli be neceesary to examtoer erHh 
eonnderable miDiiteiieaSy the stnioline and taecbeiMla 
ef the heart iteelf ; its mtaatioii in the ehest^ and the 
relatioo it may bear to the neigbbonring paitsy whkli 
w3l invelTO in aome degree dw eomideralieii of Am 
BiraDtitre aad Meebaniein of thoee parte ; the aiecae»<k 
torn ol the Uead in the venoaa tmake^ aad die eoiiMee 
frwi «Aidi jdlaftflBeaocBlan iaderiindL > : 

IWihiart^ as lii»Ue^»fiii«Bd^asdtwtaa>f,*Ms)^ 
the bo^ of % the iMart, or dntfeatlmoatUeing dbbweBli 
tfidos, aad lieaj^peiidagee oi^flttrUeft^^ 
the heart ieaatiwigholkier'naaeole. IBlaliy^^^ 
bam been made to cflqpiain die origiOf ioew»ey^> aadr>im^ 
flerdon ^ die fibres of this musele. Dr. Alexander 
Steviwt^ af^yeieiaR !»iiodoerifiKd dboat die b^|fiailt»g 
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of the last oeatury, used a meAod wdl:filte4 for aaoer^ 
taiuing the nioseiihr strooeiire of the beart^^'dwtof 
prapariog hearts by boiliDg. The hearts of bolfedGi, 
sheep, and other animals, he treated, in this niamwr* 
Aooordiog to Dr« Stewart, the hodjr of the. heart joimn 
sists of a single Bittscle, which when cKpaadbdortstreteb** 
ed out takes the form of a semieirclef and pf .nokd^di^he 
fibres are all parallel to each other and to the base of ibe 
semicirole. The hearts, whiohhad been pravioodly pre* 
pared for his purpose bj boiling,, he unfiled an the 
presence of the Royal Society ; whiiA, j» is.well kaewSf 
was originally iuatiiMted for the purpose of makii^CK** 
periments, as well as for that in whiek it: is now^usimAy 
employed^ in reading and hearing co^monicattons* He 
commenced at the raf^e, and separating carefidly the 
outer layer, which was easily distinguished from tM 
beneath by the di£Eerent Erection of the fibres i avtd^ par* 
suing a course Jn which be was coudtloted, - as it«w«iMi 
by a thread, he easily unrayeUed the udmle ; . and/oooi 
that it resolved itself into the shape and structure just 
mentioned* He attempted to iUttstGate.ibo ineebattisiii 
more clearly by shewing how .4his mimscAs voif^ he re* 
folded into its original forni« The manner of refddiag 
the muscle may be represented by a diagrams. Sitp* 
pose (fig. 2«) A B C to represent an ox's, lieart thet 
had been prepared and unfolded after the nqanilfir de** 
scribed. Let A B be the diameter and D tb^ m^^ ^ 
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tiieeircie'of which A fi C is the semicirck} and let {((( 
represent the fibres of whieh it is composed runiiiiig 
psialiel to each other and to the dianieter A B. Let 
themdios D B be supposed to be folded over in such a 
fmnoBP that: D B sliall cross eke fibres f f f f nearly at 
right angles and die point B fell upon the circamfe- 
reiicev at-'B ; the part £ D B of the semicircle forming 
a hottow oone, of which the apex is at D, and of which 
the (base is indosed by . £ D bent into a cirde. This 
laay fi% be compared to a fimnel formed by the fold* 
iog of a piece of. paper. Then by continuing to roll 
QBtil.lfae whole mnade is folded, two rotations are sup- 
posed ta be completed. ' The radios A D, falling upon 
the exteroal surface of the cone, will, in consequence of 
ibe conical shape of the figure, and of the swelling and 
cwveodty of the sides, be found -to run very obliquely 
betireen the spex, and^base ; and the point A will Ml 
eoamderably witUa die circumference. The Kne A D 
will rqpDesent the directioQ of the riqphe on the external 
Borbce of ihe heart. The left ventricle is indosed by 
the ifiiat- rotation of : the mnsde. . Aflter the second ro^ 
tiktion has costmenoed^ the rafusde continues for a space 
SBparated from the first ; bnt at length becomes attach- 
ed to it ; leaving a spaioe between 'ihe outer surface ^rf* 
the first rotation and the inner surface of the second for 
die fermation of the right ventride. The walls of the 
Jeft ventricle at every place, except at the septum or 
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portion formiag the ouddk psrtition hBtureen it and the 
rights nre strengthened by two convohitioiie of the mw 
de^ wl^ those of the right hare every where only tbe 
8iq»port of one* Lower, an aacient anatomist of great 
oelebrity, the same who inspired mankind with the hopes 
of exdanging the decrepitude of age Se€ the vtgoar of 
youihy and even of immortality itaslfy by Ua snessss in 
transfusing the blood of one animal into anather ; Ais 
aaalomist bestowed great kbonr in die eaEaminattoD of 
the structure of due heart ; he pmrsoed the same mode 
of investigation which was afterwards adopted bj 
Stewart j that of unravelling the fibres of the hearts of 
bottodcs and of sheep» whidi had prerioosly been {Hre- 
pared by boiling, and arrifed at the same eondosioii : 
^* From which, *^ says he, <^ it is plam Aat the fibres ^f 
the inner and outer walls are the same and oootiiHisdi 
altiiough they seem to proceed in a manner Gontmry to 
each other .'^ Any person may soon be satidfied of tbe 
truth of this description by repeating die simple csperi- 
tnenta of Stewart and Lower. One thing whidi seems 
4o have been omitted in the aeeouht given of Stewsrt^ 
experknents, and whiiih appears in the pbtes of Lowsr» 
is, that some of the fibres compeaing the outer kyff 
ii|KMi reaching the base, tarn inwards and pursue (heir 
course round the mouth and the internal surface of tbe 
ventrides. The fibres are not all of the same length. 
Those which in the extended mosde were most dbisot 
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irom tfafi baowlleiligiebiM^ tlUkiti Aoa^ whioh weve oaMr* 
eprtoil* SomerbP^MfteB*'yAppm!tiMi tobav9{yro^ 
cdedeA tbeit whob^ooOTiMf bdr to 'hfavd limieft ia^vtedt at 
difiertot >diiti^pw08 ri» lorm the fleshy colatnns wfakli 
fihaiiusleriw llie oairifeics a£ Ae renlriides* The fnndas 
of eeokvuitriole is ftYnisbed vnfh a ligam^iteiie sdb^ 
BtMeey aivroinidiDg^ k and also ruBning aeross and dir 
vMiog-ft Mia lt»o openingBi the one into the eorreepond- 
iof aniMei the otfi^r int<> the trank af one of the great 
artariea* Xba nm^ enlav fibres are firmly attached to 
Aid ligaiif Qtebs snhstanoe. 
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• Several imp^taiit eoasequenoesare deducibte from the 
fiiNnulMid peiillOD of the muscular fibres of the heart* 
la the first place, all the fibres every where, exc^ per* 
hsps the septum» are more , or less bent into arches. 
The farm vnhieh the fibres bear in the heart may be al- 
hwred to he that. wUch is natural to^ them and that 
mtitk 4SSiob woiild preeerve when separated from its 
fsUas^ without • any : injury hiviag been ^one to its 
ttTMliite, and fre$d from tlie agiency of foreign bodies. 
Xet'tevcQUsiiSer thea the effects of eoDtractioa and re« 
hastiei) upon a fibre <if this lbrm« 

But without haaarding any opinion respeoting the 
iSQses of muscular action, it may» in the first plac^, be 
letpiiute to state obtain pr^p^rties wbic^ are known^ or 
u 
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may be eoneeive^j of necessity to belMg^ j|o it*, in.ilie 
first place^ the state of relaxatiott k tbei Q(itural» asd 
that of contraction, the forced state of tbe maseular 
fibre* This is generally .admitted by pbfsiologibtsraad 
is allowed to be true, particularly wilb cespect to toe 
fibres of the heart, as will afterwiris mor^eleaily'ap* 
pear. It is certain also, that when a fibne is eontraatedi 
the centres of the contigaous partiele» jnuii fl^ipcoadi 
nearer to each other, and that 4bey nrasl agaiu iMole 
.when it is relaxed. As every very small pSKtHoisf a 
fibre possesses, as completdy as .the wM#f die^dnsoB* 
lar structure, it must also possess complstely the mas* 
cular properties, and must aot'Oeoordkig ila.tkelam 
which regulate the movements of the «i4iQle, indepcad- 
ently of any other part of the fibre# . - ; 

Let A B G (fig. 3.) then repireatat th^ poi^qp of s 
muscular fibre of the heart in itsi n^taral dituatisn >er 
dilated. Suppose A d, d e, e ^ f gw Ui^M^twtk letj 
small portions of this fibre. Let (he fibre be.iHupposed 
to contract. All the minute portiiQ^M A4,' d.«, eJy.ClP* 
act independently of each other •} i^fr.isi ibsiig^b aU' thu 
other portions were removed, any vesy mipwle p^rtiirap 
possessing the same properties and subjected to tbasaoe 
influences, would act according to the same manner. 
The particles forming the two yery minute pwtioiis A d» 
d e, would approach each otfaer^iiiftbd d^Misntif a 
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Ufaiglit liiie-paMilig' througb their centres/ or in the di« 
fe($ioa'(fPth^ Hue m i^icb they are placed. The same 
williu^petf in the portions d e, e f, f g, &c. and after 
iMtiwdoa) > eterjr particle will have the same position 
nditiVel)p^ the particles contiguousi and to every other 
pfHtidey^that itha^ before it was contractedi and the 
idiifle A B G will become a similar portion of a less 
%iwe of the. aame species* ABC, if the segment of 
a «iMle,TwiU beeome ab c, the similar segment of a less 
but eoDDdtttrid eirde. In the relaxation of the fibre the 
partidteB iir glebules mast recede from each other in the 
dmcticMi'of the straight line passing through their cen« 
tnm Upon die supposition that noihing opposed the 
natural teadeuey of the fibre which formed the segment 
of the circle, a b c by relaxing would become ABC. 
Whatever^ then, may be the curve of which this fibre 
forms ^a'#egt|idnt, the efEect of contraction would be to 
ferm-a^knilar segmebt of a less curve of the same kind, 
and diat*of dilatation a similar segment of a larger curve 
of dieattme kind. The change in the fibre produced by 
ditaitdott may be illustrated by comparing it with the 
eidets ^f beat upon a metallic hoop ; the segment of the 
hodjMif* boated equally will become the similar arch of 
a litfiger'^ircle. 



. > / 



• An elastic substance is in the heart every where 
mingled with the muscular, and no doubt contributea 
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greatly to fix the form of the ^aacdar fibrte* Ha 
elasticity may be cooetituted iu duch a manner as either 
to co-operate with, or to resist the contractile effort of 
the muscle* For reasons which will afterwards appear^ 
it is assumed that the reulient power is opposed to the 
contractile* As the natural position of the elastic siiIh 
stance in every fibre must be the same with that of die 
muscular, any alteration in the elastic fibre, produoed by 
the muscular portion acting according to ks ^atuid di' 
rection, must be to contract or expand the dastic as« 
cording to its natural directiop. Therefore the eks- 
tidty, if it is an antagonist power to the muscular, muBt 
tend to restore the fibre to the same poskion relativdy 
that it had before it was contracted* 

In consequence of the parallel direction of the fibtes 
of the muscle, by the convolution of which the heart k 
constructed, it necessarily happois, that every fibre coofr- 
posing the first rotetion is concentric with all those, the 
circumferences of which lie in the same plane wkh itself f 
that the circumferences of all the fibres are placed in 
planes that are parallel to each other, and diat the fibres 
of which the circumferences are in one plane are simi* 
lar, and placed similarly to the fibres, the circumfereaees 
of which are in another plane* A straight line, there" 
fore, drawn from the apex to the base of the cone, sod 
p as wiffg through the centre of position of aiiy w^ drmi- 
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lar Sbfe Whiefa has performed the firsl rotation, will pafttt 
through the centre of position of all the fibtes eompos«< 
iag the first revolution of the muscle* The same must 
evideotly be the case with respect to the fibres of the 
second rotation. As the muscle* when performing the 
second rotation, has its lower superficies adapted to the 
apper superficies of the first rotation, it follows that the 
straight Iiiie» which passes through th^ cdntire of posi^ 
tion of all the fibres x>f the first rotation, will pass through 
the centre of pomtion of the fibres 6f the second rota-* 
tion. Hence it occurs, during the contraction of the 
mosde of the heart, that the change produced in the 
figure of any one fibre is accompanied by corresponding 
changes in that of the rest ; that the movement df one 
fibre is no where counteracted by that of another, but 
supported by it ; and that there is a general, free oo« 
i^Mration in all the fibres tending to the production of 
one effect, which is the diminution of the cavity of the 
heart. Hub is plainly maintained by all the anatomists 
who have investigated most carefully the straeture of 
the heart, however fat they may differ in some particu- 
lars, as Lower # Stewart, Winslow, &€• ** We must 
see clearly/* says Winslow, '< that the whole structure 
tends to make an even, direct, and iiniform contraction/' 

It follows, al^ from this arrangement of the fibres 
of die heart, thM perfect freedom is Aflforded to aU the 
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ibres to atsiune that position and form to which ihey 
are inolined by their natural strocture* Thb nMira) 
tendency of the fibre to enlarge miifbrroly its cfrcomfisr- 
eitoe, is every wh^e supported by a corresponding ten- 
dency in the other fibres* 

' There arises, therefore, from the circular direction ef 
the fibres of the heart and the arched form of its Walls, 
a very remarkable property, that of di1atiii<; or expand- 
ing its cavities by the simple relaxation of itsr fibres. 

' The conclusion, which appears so ct^rly dedueftle 
from the stniotare of the heart, is confirmed by obs^va* 
tian. The hearts of frogs, newts, insects, and (^ber ^cdd' 
blooded animals, whidi, as is well known, are more te- 
nacious of life than the more perfect animals, contfoue 
td beat for some time after the extraction from the body. 
This action may be greedy prolonged by placing Ae 
hearts^ iHiioh are die anbjects of observation,, npoa a 
warm stone, or immersing them m warm water. The 
diooensions of the organ will be observed alternatdy to 
be increased and diminished. I pat the hearts of some 
fvoga jast extracted from the body into water bbod 
warm* They were thrown into violent action, and, up- 
on some occasions, projected a small stream of a bloody 
colour tbroogh the transparent fluid. It was supposed 
that a stream of the same kind continued t6 be proj^ed 
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at every siicceediBg oontraotion, but that, after tbe first 
or seeond^ it ceased to be observable, in consequence of 
tbe liquid supposed to be imbibed and projected, loosing^ 
its bloody tinge* and becoming transparent, or of tbe 
same colour with tbe fluid in : which tbe heart wasi im« 
mersed. The organ was felt by the fingers to expand 
^ing. reladcaiioD. The Yentricles are generally distend- 
ed with Mood after death* These obsenrations prove not 
only that the. heart ky to a certain. d^ree at least, difat- 
able, in consequence of the relaxation of its fibres,^ but 
also that the relaxed state is that which is natural to it. 
If the contracted were tbe natural condition of the mus- 
cle^ d>e heart, aft^ it had been i^tracted from the' body j 
and therefore placed without the influence of those pow-* 
ers which might be supposed to dilate it». would for ever 
remi^a . contraoted ; and the application of fresh stiiiaiili 
wc^ald only tend to confirm it in that state* There could 
be QO:4Q|iotiofi observablo in the heart after its abstraction 
froaa tbe bodyi if the systole wwe its natural* condHionA 

It may safely be iaferred, that the venlridee of die 
hefurt^ during the act of relaxation^ oiecessarily become 
dilated or expanded, but to what extent, or witk what 
force, .we have iio means of asoertaining* The power 
required to. bring a enrved fibre into a straight line, 
would nodpubt be ineonsiderable^ yet as aS the fibres 
composing the substance ef the heart, are made te act 



togelber^ and to conspire daring all ibek adtkm to one 
common effect ; and as, from the attacbnnentof the^ftres 
110 one fUbre can be displaced or altered in its fignrei 
without at the same time deranging and pressing tato a 
form adverse to their natural struelore^ a nmnber of 
others, it must be admitted that the heaset' would retain 
its shape, and preserve the form and capacity of its ven^ 
tricles dqring the state of relaxation) in oppeiritioa to bo 
inconsiderable powers^ The convexity of its exteraal 
aiirfaee and arched form of the widk, inelosiBg^ the ven- 
tricles would add greatly to the capaeky of preservh^ 
its shape unaltered by powers acting against its external 
snrface, e^cially if those powers were dirested e^niJly 
agaipst the whole of this surface* Thii fiieulty whi«li 
the heart possesses of enlarging its eavitiea after oon- 
traction, in consequence of the causes we liave been en* 
deavonring to explain, must be increased by Ae spirit 
and energy of Hfe, to a degree of which we can Isrm no 
adequate coae^tion by an examination of the dead 
fibre. 

It will on all hands be admitted, that the peculiar nr- 
imagement of the muscular- fibres whidb has been de« 
seribed, must place the heart, after contraction, is a 
couditiop of being much mcHre easily dilated than wonld 
^h^wise be the cf»e, by powers acting in conformity 
the natural tendency of those fibres. 
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It vM' be fbnnd, by varying slig^bdy tbe angte made 
bjr tfie radium of the masdewith thepBrallel fibres across 
nineb it is folded, that not onVy mil a great variety be ' 
given to the form of the heart; but a diversity to the angles 
whieh the fibres df one con volation will <niake in eroestng ' 
those of airt)tber» . Hence is explained the diversity that 
18 found) not only in the shape, but also in the direction 
df Ae fiblrea of the hearts of difierent animals, l? his 
meehaaism will give all that vast variety and apparent 
intrieaey to the direction of the muscular fibres whidh'are' 
aetnally foond id the structure of the heart* 

The auricles, or what- has been termed the app^nda^* 
ges, are placed near the fundus of the heart. They dif'- 
fer gi>0aflly in appearance and structure from the ventri- 
cles. Their, dimeadons are small in oomparisen widi 
those of the body of the heart. The auricles are fiatj 
earlike, notched in the edges, depressed, not convex in 
the dead subject Kke the ventricles. Their substanoe is 
thin ; small bundles of muscular fibres are placed in 
the form of rings, or portions of rings, inclosing each 
other, widi furrows appearing psMtioulariy in the inter- 
nal surface between the rings. At the bottom of these 
farrows, die substance is so. thin as to be almost trans* 
parent. As the membrane between the muscular bm* 
4hs is very expansive and yielding, the anridea are 
easily dilated by any force acting agaioat their, intscnal 

X 
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mnrk(» ;aod opQu the withdrawing'^ ilMii^fNrfaet-foadiljr 
fall \moi the ooUi^^fi^ §$i woiitiim^ TheMikleft ne 
not spberioal but form, a cavity bj die iSatatioo <»f > 0am 
Qlde priiidpdljr. From the |ioaitios'aiidfi>Eim>of -tfae 
muaeidar ffl>re9f it doea not affetf thai their xekitttioik 
would of itself dilate the cavity in any degree* 

Hiere is no eomnaMeation of sobatrace betnneeti the 
Unrides and vantriolea» The fibres eompofetttg' die foniimr 
do not pasa indo Ae hitter» nor.tMe twrnci* - Eor, jf -tlw 
heart be boiled for a pn^iec tinae* the auticka: witt^dififi 
off or be easily separated from the ventricleSf imtbooi 
any ropture of muscular fibres. 

At the openings between the anrioks and vewliick«i 
valves are stationed^ the offices of whieh; have been^^dii 
really described* 

TThe heai^ is situate on the i]^iper aurfiioe of< iktcAn 
phn^pfflf and esoictly on the middle and. aqtedor paxt^ 
where tfaestrttcture is tendinoua^ Tliis oi^n. is^ ipcksed 
in n stsong» tendinous^ undilatable bag^ eslledjby anato* 
mists the perioardium*. The amrfaee of the heart is every 
where finee and unattached. J bnt the perieanttiat i^osii^ 
nected to the tendon of the diaphragm on which it resti 
by & broad, and sla^ong adhesion* . The tonnka -of ^the 
hu(|*e bloods Vttssols, in proceoding ftoai the^fundm^ef 
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the fatarCi y a w iri te 'die periisftrcUtatiii beeome firmly 
^bMiiidilcrit^aU) &roii0d» and receive a covering from the 
eirtennoa of iti intimal membrane. As no eabslanoe 
iDterfenea: Wtimcv ibe pericterdmm and the heart, that 
cavabpfr mmMsriij tgirameii the form of this orjgaii. 

The other contents of the chest are the longs, which 
lia?e baoB already described ; dw thymus gland, which 
is almost oblitemted in the adult % the esophagos or 
gaHd, iO'Whidik affords a passage from the throat to 
liier atomacb^ blood vesseb, nerves^ and some tMta^ 



It ia evident, Irom what has been stated respecdng 
the atraetn^ of the kmgs, that there is a constant aiid 
paiveiAil tendency m the langs to collapse, aiid retire 
from die internal surface of the thorax, that diis eBint 
to separate from the conOnes of the chest will be mea- 
nvahU by die idiare of atmospherical pressut^ wiic% 
diBidaitie^iffer of Ae longs is, at the instant, caplAlfe 
of SDpporting; bat as this power is by no meaits eqod 
lo'dM whole weight of the atmospheriB, and id ao olaa* 
tie siibfltaoce intervenes between the lungs and the caViiy 
nS di» thofmc, BO actoal separation can be produced* 

It is further evident, that aH the parts whith 
cMpoae dife waUa or bouirilaries of the; chesty am 
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pressed, or, in common. langiiBge» drawn towards tfe 
spaces from which the luogs have a tendency to retrnf 
.with a force which is comroenanrate widt the dastie 
power of these orgaosi or with the shaoe of atasoepberic 
weight which that power is - at the instant capable of 
supporting* The bony structure of the thorax is niH 
.yielding i the diaphragm is forced to assume a t^nse 
amvexity towards the centre of ^pressure. 

In what condition is the heart in theseoircumstaBces ? 

m 

Xt must necessarily be considered as constituting a par^ 

of the walls or boundaries of the chest ; for there is a 

free communication between its internal cavities aud the 

parts without the thorax, as well as die substance of the 

Jungs, particularly with the mass of fluids throagh die 

jbores of the large venous trunks. Between the ext^nal 

or convex surface of the heart and the surface, of die 

lungs, membranes alone intervene. The divided lamioae 

of the niediastinumare thin, pliant, slightly dildtid^le, and 

.without yielding incapable of supporting^ either on the 

upper or lower surface, any share of prepondemtiog prss- 

8ur^• The pericardium, indeed, which surrounds the heart, 

and which is every where in contact with it, is a strongs 

firm, inelastic bag, and cannot be expanded beyond cef" 

tain limits, without such a powerful force as would at 

the same time* ^injure its structure, but of itself it will 

,not resist any pressure that may rest upon its extefoal 
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mtMe*' It .18" fitted to resist with ease the balaiioe of 
ooeqaa) pceasare^ which may be laid upon its interiud 
or coneav/e 8orfaoe» by the collapsiog effort of the luQgs. 
Bfil> beliMe it can . be brought to support any shttre of 
this, hahmee, k must be dilated by its couteots to the ut- 
most extent. Until the pericardium has been extended 
•lo the extreoae limits of its expansibility^ the unequal 
balance . which . the boundaries of the chest have every 
where to support, must be resisted at this part by the 
walls of the heart. A foree equal to the weight which 
Jii» elai|bic|ty of the lungs, in their ordinary condition 
idoring life, is ' capable of supporting, must constantly 
•tend to dilate the heart to the utmost liitoits of the peri^ 
.cardium* by ponderating against the internal surfaces of 
its chambers ; and until these chambers are expanded 
in audi a degree as would swell the general dimensions 
of the heart to an equality with the capacity of the peri- 
cardium, tins force, must, all be sustained by the walls of 
the .heart .itsc()f» ^ As the perioardruoi cannot be distended 
further, tfai;oqgh any other noeans than the expansion of 
4he c^ijBipfa^rs of the heart, and as a; full dijatatioin 4>f the 
greater part at. least of those chatnb^s wou)d be rer 
quired to give to the heart dimensions commensurate 
with^t^e utmost limits, of the cavity which the pericar- 
dium is foapaUe of inclosing; the successive dilatation 
of the different chambers of the heart after contraction is 
foUyeeoured by an; adequate power. . ; 
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Bjr wlaonngr therdPoitty in counqinMadr dhar das* 
tiokyy a part of the pr«isiif e of the atmotpbeire fitioiii <l]l! 
^M9Bx Bttrfaoe of the hearly fm4 by that ineaDa eaosiai^ 
the ordinary pressure to ponderate ttita^Uyi^ifasl'tln 
eoneave sorfaces of the chambera, llioio«ga*bed#iQet ihfc 
^esrtaia and powerfol aatagoottSs of iba oMadMH^^ber 
heart. The contractile force of the hesrt is > iieoesstti% 
mora powerful than the amnfoaist ietiaii derived^lrem 
die ekstidty of the longs, hot the farmer is^tranmait 
and intetTupted» while the latter is equal and permaneDt ; 
and^ eo^cfMsting with tha oatnrrfteadeaiey of 1^ 
tnrs^ restorai the ehatnbera of the heart to tboMatefraift 
which Asy had been forced^ and at wfaidi the Mpfefkr 
aMngth of Ae dsntnicltts power b^ba af^n w boas- 

la that babne^ df weight, whkh fe to be aoattiiiied by 
die whole eirteraal sur&oe of die Wfdk of the die^i fs 
MMeqaenee of the t^esistaooe lamovnd from dur intshid 
aniHEbee of diese wiAs by the rasHietft o^i^ of thie bi&gfi 
«i be oapported at this pare by die walli of dM hsarc 
iliel^ or intermodSaldy by die periotrcBaiii ? 

4 

Befoi^ we proceed to hiquire into the answer wUA 
it iMy be possiUe to give to diis qaestion^ ft is o^mmh 
flsry la inake aome iSKplaiiadon of die langoogo we iM 
d^ed to use ia iheMbtement ofit. Iba fffisit ttM 
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be0ti wiA to^cttwIitHftB a parfc ttf &» Wall» of dMf obteU 
Wkal- is termiid^ in niadcm to #ie above qiKMltou^ the 
mteroal svrfiMie itf the part ^f tie walla of the fbanoi 
formed hfihe faei^ is exterael with respect to die heart 
iM^; 'die'lalsroal sar&ce >ef fSke nhambera of the hebrt 
nittsi bo'cioAauinvd aa external wi4i r^^ieet to the tboraeio^ 
(gvi^* To avoid ambigQitjr, (ihe epithets concave and 
ooDvex wiH goMiaUy be afi^ed to diilidgaiali the sut^* 
fcees ctf the heart. 

IbBiiagn^ to ivliiek; the pevioaidiwa is dilated duriog* 
IjC^zaod ^la dimeDnoaa which the heart ooeapies> eoin«*' 
jmAm^ ^extent to whidi the pericardiaai is diiatr 
4Jfc ]im9e,ilM>t hitherto been determined by oUervatioQi» 
For DO observer has ever been so fortunate as to sea that 
heart and pericardittm in the condition in which they 
esistfin AeJwn^^r aottad.sysieBi. Whatever admits 
ietQ. diB vefpms whieh dtese ^ii^os ooeapyt the vision 
«r tha twmlh laast have already admitted an inflaeiiea 
<kati!ielir6 of the maehinery» The springs of life anastr 
hambambrolsea; liieiaiMiblei^n by adiieh the heart 
and the laUgs aia «^HNieoUd must have been loosened } 
these organs D»nst have sunk from their cond^ion and 
tlw^fSaaai aadb io; the scattered fragmmts, iPe sMl 
aaweh iwr the forms of tfa^ir prisdne existeoee, mtk no 
katter.awecsiiy dian die adMol-boy eEKamines the km 
diinpaial apmir £pr> tke labria «f the beautiful bobble that 



160' 

lately danced in the air, or inspects the cavity of the 
dram into which he had cut; for the purpose of dishsov^ 
ering the origin of its sound* 

If the balance of weight, ponderating at all times 
against' the external Surface of the boundaries of tlie' chest, 
is to be sustained at one part by the pericardium ; tben 
this envelope will be at all times fully dilated ; ^nd die 
heart will always occupy the same dimensions ; dtmeh*- 
sions commensurate with the cavity of the pericardium 
dilated to its utmost capacity. But if the weight is to 
be sustained at this part by th^ walls of the heart, thfen 
the pericardium will rest loose and easy upon the coii* 
vex surface of this organ, to the varying balk*<)f which 
no fixed limits will be assignable. 

Whether in general, the inequality of pressure, aris- 
ing frotn the causes which have been explained, \k irlli«* 
mately sustained by the pericardium, 6r by the' walli df 
the heart, is a question which/ I fear, cannot,' in the 
present state of our information, be certainly answered. 
But it is cdntended, that in the statement of one 6f'tho§e 
two suppositions, the' true and natural coiiditidn of these 
parts tnust be accurately described. As thfe actions of 
the lieartmust, upon the first of these supposition^, in 
particular, being true, be modified by the pericardium 
in an important tinanner, it \vill be neoessio*y to €x>ii^ider 
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those actioas under both suppositions ; and, by compar- 
ing the cases, we may be enabled, perhaps, to form a 
plaosible conjecture, at least, of the true condition of 
these parts during life. 

la the first place, let it be supposed that the prepon- 
derance of atmospheric pressure is sustained throughout 
all the movements of this organ, by the walls of the heart 
itself. ^ 

According to this statement of the case, it is evident, 
that the concave and convex surfaces of the heart must 
be at all tiroes unequally pressed ; that the balance of this 
unequal pressure must rest upon the concave surface of 
these walls ; and that this balance is exactly equivalent 
to the elastic power of the lungs. Unless there had 
existed in the heart itself an antagonist and recovering 
power^ it is evident that all the chambers of the heart 
must, '^in these circumstances, have been in a state of 
forced dilatation. The manner, in which the constant 
and uniform operations of unequal pressure are counter- 
acted by the stronger but interrupted exertions of mus- 
cularity, has been already described. 

As the ventricles are much thicker than the auricles, 
a greater power might be supposed to be employed in 
dilating the former than the latter ; whereas, according 

Y 
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to this view, it is eqoah But the dtSertifiit lik dBafi- 
bility, in the different parts of the heart, may te* oidy 
apparent ; and that inertness, supposed in' the venffV^ 
to arise from massiuess of structure, may be tmme than 
counterbalanced by the figure and position of the mus- 
cular fibres ; as, in consequence of these, a strong ex- 
pansive effort, which must at all times be iff proportion 
io the massiness of the structure, irecessarily accompanies 
the simple relaxation of those fibres. Some aid may poi^ 
sibly be supposed to be contributed to the expansion of 
the ventricles by the projectile power of the amides, 
which are at this moment resuming their systole ; al- 
though the counteracting the resrlient pow<^ of the hmp 
may be conceived to be at least as great a labour as tikese 
chambers are able to accomplish. 

Whatever other difficulties may appear, In thid fiew 
of the case, it must be allowed that, according to it, fb^ 
full expansion of the chambers of the heart are aibmn!- 
antly secured. 

Let us next consider the other supposition oil this 
point, that the pericardium is always distended by its 
contents to its utmost limits, and that, therefore, the 
heart in the living system always occupies the satiie dii- 
mensions. 
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Tbia auHMWition ig not wwb It has beon supjported 
by oijusy.able physiologists^ partkularly by tbe celebrated 
JUeutftod* The heart may easily be supposed to be at 
aU tiiaeis of tbe saiUie bulk. As the conditions of the 
di$^^t parts yary^ the dimensions of tbe whole may 
j^m^in the wot^ When the ventricles are in the diastole 
.tbe auricle ure io the systole ; when the auricles are ip 
'tbuB diastole, tb/p ventricle ^« in the systole ; and* ^t 
itty iot^roiediAte point, the ventricles and auricles a,r^ 
in rioeipi^M^al propordou, w^ith r<e^ect to their degree of 
dilatation* It is evident that, in all these situations of 
.the rbeart, ihe same .^^nantity of bloody by which the dif« 
.%ppc^ ii^ its bulk <:ao alone be prpduced, mey be coq- 
4N0efi'by tf. 

Sufifpe^ in. this cape, the ventricles .to be in the di- 
^RlMfl juid ^bau^ ]bo co^ti^act. A quantity of blc^od is 
iiiroiicn by this action ^wt ^f the confines of the pei;icar- 
iiifffo^. To preserve the .equilibrium of pressure between 
the contents of the pericardlam and the substances with- 
out tI4s envelope, tbe capacity of the pericardium will 
.QMK»9i;ily eitb^ be . diminished to an extent that will be 
commensurate with the bulk of fluid that has been ex- 
pelled by the ventricles, or the same bulk of fresh mat- 
iter jQOMst be introduced into thi^ cavity. From the con- 
vex surface pf tbe pericardium} a share of the weight of 
tbe jitp^j^bere ip ;i»n)Oved by the colJftpsiiig eflfort pf 
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the Inngs. Bat the blood in the arteries and veins, with 
which the cavities of the heart have a oomnaonicatioa, 
is subject to the usual pressure. Valves, and the con* 
dition of the ventricles at the moment, prevent the re« 
turn of blood from the arterial trunks. But the entrance 
of the venous blood is not opposed by valves, and is fa- 
voured by the condition of the auricles at the time* The 
quantity of matter, therefore, required to occupy the 
space which the expulsion of blood from the ventricles 
would leave, is necessarily supplied from the veins. 

But the ventricle again becomes relaxed ; and, in 
eonsequence, expansion to a certain extent takes place. 
Synchronous with the natural expanding nisus of the 
ventricle is the resilient or contracting effort of the auri- 
cle. The blood, therefore, while it is pressed upon by 
the contracting auricle, sustains a diminished resistance 
on the side of the ventricle, and necessarily flows all into 
that chamber. Proportionably as the auricle contracts, 
or is diminished, is the ventricle less resisted on its con- 
vex surface, while its concave surface is pressed with ad- 
ditional force i and thus the full dilatation of that cham- 
ber is secured. 



this movement, no blood is either reeeiTed 
into the confines of the pericardium, or expelled out of 
them, but a quantity is only transferred from one part 
of these confines to another. 
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According to the last view of the condition of the 
pericardium and heart, the movements of this organ are 
evidepdy performed with greater ease, and the labour 
which each part has to perform, is more adapted to its 
apparent powers. Hiere is in this, as in the preceding 
supposition, an evident necessity for the massy structure 
and great strength of the ventricles ; as their office is 
not only to propel a quantity of blood with great force 
into the arteries, but also, in addition, to overcome the 
antagonist power of the lungs* But there is a point at 
which the ventricles may be conceived to have thrown 
off their load, and to be at rest. At the period of full 
dilatation, the force by which the ventricles are dilated^ 
is removed from their concave surface, and supported 
entirely by that of the pericardium. An opportunity 
may thus be conceived to be afforded this organ for re- 
covering itself. 

Upon the last supposition, the aid that is afforded to 
tbe auricles during their movements is remarkable. 
The anrides, while contracting, are not required to over • 
come the collapsing power of the lungs, which at this 
period is removed from all parts of the heart, and sap- 
ported wholly by the pericardium. As the equilibrium 
of pressure is perfectly adjusted between the contents of 
the pericardium and the parts without this envelope, 
during the contraction of the auricle^ the whole ftower 



1G6 



of thki chamber is resenwd for the dilttalioB of tiie ven. 
triele* Nor is this power required io he considerahle* 
For the simple relaxation of «he musoitlar fibres of the 
rontrides, so far as it tends to dilate them, mciat, ia 
these circumstances, act with a double effect. As the 
reotricQlar cavity is enlarged, the blood is drawn from 
the auricle ; and, in consequence of the dinrinatioa of 
the auricle necessarily foUowi»g, the presenre OiO <the 
convex «nrfaoe of the ventricle is diminished. luKleed^ 
admitting that the amscolar fibres of the heart coul4» 
by their relaxation mnply, in circumstances 4ihe most 
ifavourable, resume the form and position that are natu. 
ral to them, it is .not necessary to consider the auricles 
as more tbaii inactive rece^^tacles provided for the con. 
venience of the ventricles ; as, in that case, the deple- 
tion and impletion of the former chambers would be the 
necessary effect of the actions of the latter. At all events 
the positive power of the auricles, whatever it may be, 
must in these ciccomstances have a double infiueoce. 
For, by dieir prqjeodle power, on the one hand, the 
pressure upon the concave surface of the ventricles is 
increased ; while, ^n the other, by the dimiantioii ef 
their bulk necessarily aooompan3dng that projeotion, the 
resistance on the convex surface of the ventricles is 
lessened. 

The fi>n dilatation «f the ventricles would be, in this 



J67 

view of the ease, perfectly secured, wi Aool the oeeeftst- 
tj of ascribing to the auricles a labour apfMtrentty iiH 
compatible with their structure ; the alternate move- 
ments of the ventricles and auricles would be r^ulated 
with unerring certainty ; and the salient movenoents of 
the heart would be well explained from die changes of 
figure and poiition induced in that organ, especially 
during the contraction of the ventricles* 

It amy be objected against this snppouitioii, that a 
greater quantity of blood is propelled from the ventrides, 
by 8 single contraction, at one time than at another* 
But this may arise from the contractions being more 
oemplcte at one time than at another* It is evident from 
the structure of the ventricles, that they can never, in 
any state of that organ, be entirely emptied. — ^Tbere 
must at all times be a quantity of blood iu them. But 
tfaey may be more nearly emptied by one contractioii 
than by another. Thus a greater quantity of blood may 
be ditmlated through the heart, t^ a given numbw of 
coutrnctioBSy without any alteratioo in the general di*- 
measions of Ae heart, or widiout its containiiig at any 
^me instant a greater quantity of btood» 

Aitbougfa the pericardium may not generally be folly 
distended by its contents, bnt lie loose upon then, there 
can be no doubt, that, if at any time, by the accession 
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of a greater quantity of blood, or by an enlargement of 
the solid parts, it should be completely filled, this en« 
velope would then serve to regulate the motions of die 
heart, according to the manner just explained. Secu- 
rity is thus afforded by the pericardium to the ventricles 
and auricles against the danger of their being overoome 
and kept in a state of distension by the antagonist influ- 
ence of the lungs. 

The degree to which the pericardium is generally dis- 
tended by the heart and its appendages, cannot be oor« 
rectly established ; but the argument, so far as it may 
be strengthened by a more exact correspondence of die 
actions with' the means employed and the ends in view, 
seems to preponderate greatly in favour of the opiuioa, 
that the pericardium is always fully expanded by its coa- 
tents, and that the heart is at all times of the same ti« 
mensions. 

But whatever may be the extent to which the peri- 
cardium is generally expanded in the living system, the 
dilatation of the chambers of the heart, upon the suppo- 
sition of its arising from the causes to which it has bees 
ascribed in this inquiry, must produce the same effect 
upon the motion of the blood, both in its passage through 
the heart itself, and in the venous system genendlyr 
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. In (XHiQequence of the perioardiuin Wing aU arouodt 
except atito inferior flat aarfaoe^ where it is attached to 
the diapbragoQiy iavested by the luugs, and of the ten* 
ian&f whidbi these organs must have of receding from 
the surfaces in contact with them, in the direction of 
the perpendicular to these surfaces ; the direction of thfi 
foTJoe^ derived;, from the resiliency of the lungs, as it af- 
fects the pericardium and walls of the heart, must.be 
divergent. Hence the uniform expansion of these walls 
is aecoredi If the decrease of resistance had been 8us« 
taioed in one direction only, or if the walls of the heart 
bad been pressed to one central point, however much the 
fibres may have been stretched, the chambers of the or- 
gan could not have been dilated, by that power. 

The manner in which the blood, immediately in the 
chambers of the heart, will be aflfected by the movements 
of this organ, must already have appeared abundantly 
evident ; let us next inquire. How the blood in the venous 
system generally will be influenced by them ? 

The evident and incontrovertible consequence of the 
abstraction of a certain portion of the general weight of 
atmosphere, from the convex or outward superficies of 
the pericardium, by the resiliency of the lungs, and of 
coarse from the convex surface of the auricles, either 
directly or intermediately, by the contraction of the ven- 
z 
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tricles, is» that the blood, at the time iii the \kYge yettoas 
trtinks in contact with the heart, mt^st be less resisted 
on the side of the heart than at any other pdiat ; aird 
that, in obedience to the laws by which fluids ate gov- 
erned, it must flow towards the centre of pressure, or 
into the auricles, until these chambers have beidn dilated 
to an extent, at which their walls will afibrd t resSstailes 
equal to the resilient power of the longs ; or, uotB a 
quantity of blood is admitted into the boundaries ^ the 
pericardium equal to that which is projected out of them 
by the concomitant contraction of the ventridesi At 
every contraction of the ventricles, a quantity of M<K>d is 
thus pumped out of the venous trunks into the beart» 
While any fluid is found in the roots of the veins in con* 
tact with the heart, a portion of it must, by the suction 
powers of this organ, be successively len^ptied into the 
auricles, the recipient chambers of the heart. 

The next question to be considered, is, R&w fhr tb^ 
suction power of the heart ttrould extend its ikiflMfiM 
through the venous system ; and how the blood in the 
remote vessels would be affected by it ? It is f kio, 
that the blood could not be raised by sucdon idone^lte 
heart, through the veins, from parts at a distance flKMi 
that organ, unless the intervening vessel^ w^^e tecMo- 
pressible, or were so fabricated, that tht^ir tubalar'fofili 
would be preserved in opposition to a considerable ba)- 
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aiice of preiisttre ponderatiug agi^inst their externai sor^^ 
bee* But it is acknowledged, that the coatjs of the veins 
are e^tFeq^tlj thipi pliant, and yielding ; and that they 
coljiipsf In Gon^equence of their own gravity alone. 
Tb^ ^T§H pf t)iQ9a veipsy in which the advance of the 
blfH^ is mi^ favoured by gravity, would, by the supposed 
aol^ifips aiffgly, be obliterated near the heart, and the 
\iif)o4f beyond the point of collapse, would be left sta« 
tiw^ry, or become retrograde. 

' A portion of the motion of the venous blood is, un- 
pni^QM^hlyv d^ived from other causes. If ^ vi^io is 
ufnfft}m$/e(^ by a ligature, the part of the vein b^yon^ 
tjbe ligiMwe Sjwells apd becomes tense ; and^ if an opei^* 
ii^g hfi mf^le iptf> it, bIpod wi)l cop tip ue tp flow with a^ 
^pi^ng fitf^m, until the ligature is r^aiove^* All 
comi9li^^i€M(ion, be/tween the swelled piirt of the vein wdi 
i\j^ hef^Ttp has heai entirely intercepted by the ligature ; 
Iflci, Mfk |K> imr/cun^^sta^cea could the elevation of pressure 
fcwn 4ffi blood on ihe s^ 9ext the b^art, c^use any fluid 
^ W pr<^|3e^ opt of this fi^vity of the y^in. The mo- 
iq^^iupfi, fAdieat^ by ithe swelling of the vein behind tbe 
%^«re, fgni. by ihe projecting stream in v.en8e-aecl;ion, 
may b# tqrippd (b^ positive poi^entum of the blpod. 
L»t 9$ iwg^ vivastignte Urn ffources fromi w)mk ti«a mo« 
iMBt^m may be derived* 
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It was stated in the preceding part of this inqtdrjri 
that the blood in the extreme veins sostained an impulse 
from the arteries successively, as fresh blood continiied 
to be thrown by the latter into the former ; that the ag- 
gregate amount of the force of the contractions of the 
extreme arteries was estimated to be about equal to that 
of the heart ; and that blood would be continued to be 
thrown into the veins, by this power alone, undl its 
projectile force was balanced by the weight of the column 
of blood in the veins. 

No data, it was stated, have been discovered, from 
which the amount of the impulse, which the blood in die 
veins sustains from the arteries, can be calculated. 11^ 
however, we take into consideration the peculiar tesish 
tances which are opposed to the motion of the blood in 
the veins, from anastomoses which are particularly fre- 
quent in the small veins ; from the converging cUmen- 
sions of the venous system ; and from the lacility irinh 
which the coats of the veins are dilatable by lateral pres* 
sure, while'no great share of such pressoxe is in or£«^ 
nary circumstances discernible in these vessels, it may 
be concluded that the efteots of.thef;*^ ai^^o would 
not singly extend far into the venous sptem. It is^ad* 
mitted, indeed, - that the momentum of fluids may be 
continued, either by apportioning the imp^ing power 
to the motion required while the resistances remain the 
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none; by dimiDishmg the resistances without increasing 
the impulse ; or by a combination of those causes. The 
yenons blood may now be said to be influenced in both 
ways. While the impulse is constantly renewed from 
behind, the resistance is diminished in front, and con* 
sequently the whole mass may be advanced. But the 
distance between the blood which sustains the supposed 
impulse, and that from which the pressure is originally 
removed, is, in many instances, so great, and the inter- 
veDing vehicles so pliant and yielding, that it is impos- 
sible to conceive that these causes could operate in con-' 
junction. Extensive intervals would be left, in which 
the blood would stagnate, or its motion be reversed ; 
especially if gravity, from the position of the body at 
the time, should oppose the reflux of the blood to the 
heart. 

Besides, there are certain veins in which the blood 
cannot be conceived to be afiected by a vis a teryo^ and 
in which the positive momentum is nevertheless found 
to exist, in the same extent as in all the other parts of 
the system. If a ligature be put round the internal jo* 
golars which collect the blood from the sinuses of the 
brain, the part of the vein beyond the ligature will swell, 
even when the position of the head is dependent. It 
will scarcely be contended, that any impulse could ex- 
tend from the arteries of the brain to the internal jugn* 



larif wb^Q it 19. cop^idered thfit this impilW inval be 
eoDVeyed through tha veins of tba brain to tb# sinnsa?* 
and through tb9En to the jugulars. Sqeh a wppoaitioo 
inu9| be madd in defiance of all probability* 

Grairity has been alluded to as a power, influeneingt 
in cert^u circumstaneea, tha motion of the blood* It is 
not a little surprising, that the effects of this power are 
not more visible in the venous cireulatioq. A vein in 
the leg, for instance, iq the sonnd frame, is soavceljr ob« 
s^v^d to swdl more, or begeooie more tense, in the erect 
posture, than the same vein in the recumbent atate of 
th^ body* This pbenoflgMeqon is uueatisfactorily esplained 
by the doctrine, that the weight of the tall cokimii is 
Sttstwed at dtferent heights by valves. 

To what extent may gravity be rendered available to 
the eir^la4;ion in the venous system generally ? Of this 
question, it is feared, that we are not prepared to give 
a foU and satisfactory solution. The following obser- 
vations may, perhaps, idirow some addidooal light npon 
theeobJQct* 

The plain aad universally admitted principle^ upon 
which gravil^ influwces the motion of fluids in tafaes, iSf 
that if a fluid of 4^e saniespe^c gvavaty throvigkout he 
placed in VjSMele betiweau which there i« a fnee isomma^ 
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ttieadoti, it ascends or descends, until the fluid in all the 
vepseb becomes of the ssme level. Cajnllary attraction 
j^eseots die only exception to this rnle. 

When treating of the stroctnre and amuigeaient of 
the blood vessels, it was remarked, that aoastotttoses or 
vsieubr oommunioatioos were to be fimnd, not only be« 
Hreen the brascbes which had arisen from Ae name 
trank, but between those belonging to different trunks | 
and diat these commnaications prevailed, particularly 
liid to B great extent, in tiie venous system. Hie veins^ 
tbel^rfore, whicAi •cmstitute a large proportiM i)i the sni* 
imd £abric, may be considered as ramifications of parti* 
eolar trunks, that these ramifications, in their progress, 
ibrin an irregular net work of tubes, oMmaunicating 
wit3i Mch other, in sudi a way tiiat a fluid may readSy 
]^ frcm one tube into any odier, without returning to 
tile otiginal stem from which these tubular riEaaifications 

IhvBO. 

In this view of the subject, the bltod in the vonaista 
and its divisions may be supposed to be placed, with 
respect to that in its smaller Yttmifieations, between w^ich 
snait^ttfidSM generally prevail, and whidi on that ac* 
iSMat way (be deemed a single vesssl, in such a voamier 
tetoomstitnteaniqiposi&gor bafamci]^ oolumat. As 
tile fluid is in both of the same specific gravtlgrt^tli^ 
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Ml^iof itio the; one colwin wiU, wqiiQMimiiU 
ululated by its heiglit ia the otber^/Iiatiit b^ »ft{^$>wd 
theD» that the syBCem of the veqa eam:)>a» .4)090 .flUe& 
widi bloodf and lliat this Uood haft, walduied ki^aUrits 
parts to on adjasted equilihrianif and 4etithb-«j^nteiq» ib 
ih^ state auppoaedt be aobjeeted.to«lhevac6oii«f the 
heart and arteries in the manner dialhiis boet^d^seifibedv 
By the stroke of the heart, a quantity of fluid is with- 
drawn from one end of the 0Dl«oiD».iai4by Aft'^odilU'o- 
iKNis vibfatioQS of the arteries, aa equalqnantityais-adi' 
ded to the ethen While thejadjustedikvid of lli» fluid 
is difmnished on one side by the ahrtcaotien of a jittrt^ it 
k hdghleMd on tlie other by the aocestton.of {tfdsk ma^ 
ter. A double derangement is the toiSsct. . By these 
actions a motion most be excited in. the fluid geeecalljjr 
to restore the equilibrium between .the d^erenl ports ef 
it» Bot the causes are perpetoaUj jrentwed^ tberefcm 
a perpetually repeated generation of motion must^be 
produced through the different parts of the venous sys- 
tem by gravityi and this motion nmst^be f nwa die^ e^ds 
of the veins to thetrirnks* 

It is immaterial from what part^eC theeolomn io rcu 
lotion to hdght, the portion of fluid be abstarocted; or 
to what part the addition be mode$ the deraogeoMot 
of equiponderonoe in the fluid generoUy,' will evidsotiy 
'd every cose be tiha some.^ -.^, a v > > . > 
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U appnaii^ dies, that, in tins manner, gravity aaga* 
mento the hnpolse whidi the venous blood sustains fram 
die heart and arteriesi and, in all probability, prodaoes 
8 gr^t proportion of that which has been denominated 
tbepositiviB motion of the blood in the veins, and which 
is kidieated bjr the Mrelling observable in the part of the 
vsia' ibsyoni the iigalore* 

The force communicated to the venous blood by the 
lieartiaad arteries^ assisted by gravity, and fovonred by 
dM^liaiiaral stroctare of the vessels, may be supposed to 
be safficieat to preserve any part of the venous system 
from a permanent state of collapse ; and thus, as the 
actions of the heart are renewed, to place a fresh supply 
of blood vvitfain the sphere of its influence^ The blood, 
thus soKoteid and impelled, oontmues to flow, in an uni- 
farm oomtiatted Stream, from ike ends of the veins to the 
heart* 

We are now enabled to discern tha necessity that ex^ 
ists, for the structure of the veins being difierent' from 
Aat of the arteries. We have already seen how well 
the arteries were fitted for the perfornaanoe of their pe« 
calisf offijiaSi HxA the veins been either elastic to any 
considimble degree, or muscular, the tendency of the 
pewess defived from that slatieture would have been to 
diminish the cavity of the vessel. *Biit aucli a tendency 
SB A -- 
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miMt eviAen^y appear, from the Above readooing, to have 
been' in imposition to the motion of the blood An>t%h the 



: The smeoth equable cmrent ei the venom bbod^ ex- 
hibitlbg^ no marks of sastatning any imptdee from any 
other anbetanoe, or of acting upon any itadfi net even 
producing the slightest agitation in the flexible tubea io 
wfaioh it fiows^ diroagh aH. the yicissitades. of its^coorsei 
sabpst tarapid changes of cfeeetioni perpeliMAy varying- 
its elevalioa^ and formed by apparently oj^onng stMHiis, 
]i;a matter lint is oalcolated to strike Ae mind mik 
astonisbaMDt* 

The motion of a fluid so rapid, but at the same time 
so imperoeplible and quiet, as that of the blood in the 
vsini^ in vesseb so fluxible and easily distended, proves 
that: no opposition can exist between the forces by windi 
the different particles of blood are moved^ but that oveiy 
particle aooceedi to the phce of another with the sstne 
fraction and force that the preceding particle possessed 
al Aat pkice. But by what cause can euch a. description 
of motion be produced ? Certainly not by any Saw 
acting partially upon the blood, wbetiier. we suppose tiie 
impulses to be made upon it at one end o| the cokituk 
as by the «w a /eiyo; or laterally, by the pressure of 
the muflcles, or tiie distension of concomitant arteries* 
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Tb9 deseriptim «f motion ohibited by the vwmm 
MM, seems to he dediidiUe from the priodf^es whiob 
we have attempted to establish. EvBry pactide of bl^od 
sofitaliis an eqaal abare of tbe presanre of the atmosphere. 
If tlw preewpr> aa ia OMteRded to he de caae, b^ to a 
wtm degree raxmwd ftom any part of dua body of 
flwdi tbti partiideaoQ ope dde of wluch the preaaore haa 
b^ dminlih^dt W^ yiidd to tbe greater iflfluenoe on 
ttie otber #i|bb fwd advyviee ; the next pastielea, loaiog 
tbe fiiim4 mmif^ of ^ pceeediiig» and aoaldDUig » 
giWtffr »w«gk|( m ^ opposite idde, movainto the plaoe 
J9i8t left by ttlNBij (orecureom,! aad io like mamier the next 
lui^l a m^tkin is produced in the whole* Hie quaoti^ 
of motion in the particles behind is regulated by that of 
Hm^ mhifi^, pfeeeded* Henee» at any section of the 
conrent of Tenons hlood^ there ia a constant change c^the 
partidf^y.bntno change in their number, direction, or 
fAree. Tbo inotion of. anob a'ftiid may be deemed in* 
teroal, it has limits assigned to it b^ond .whicb it caii-^ 
i|Qt pass, nor affioct any other substance. In tbe tea* 
ig^ey of the ,blood to fill those limits, its moti<Hi in a 
great moMurB eonaista. The veins, therefore, can ana* 
tain no naeqnal lateral pressure, nor undergo any aud-^ 
den alteration in length, from the fluid which is trans- 
untted through them. 



That 4ibe timita occupied by different p<»rtioi\a of die 
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▼encus system may be preserved the $timej dt all tieiesv 
in its natural etate^ it is ineoessary iliat>^)Ei>eupplf vtasidd 
W produeed for every part equal iessabtlyiofits^^iipendt' 
tare. The capillary arteries are well ^ialMdatedrtd imice 
ijbuui supply. Hiese vessels communicate with the ve- 
nous capUlaries imd pour their obntmtsiiiCi» theki by^re- 
gularly repeated dkcinirgiss^ atevisiy'^ttManeq fmmdie 
heartfe In conse^uenoe -of the diffsnAei of ^distatee,) thu 
ttmes of the disdiargies tdso vary,- or dia iaflt'jrtbrtfttMM 
of all Ab arteries are not syncfarottons. iteguiarly f&> 
peated prejeetidM from an inAffte numbar df'^otifioss^ 
vsryiog with respect to the time and the diritatfeAs with 
which those of each are made, but collectively; pboiii^ 
intathe veins an equal quantity <^ fluid is equidttfaies, 
wiU easily be conceived to ' produce unifomi'equld-eur« 
rents in die veins into which th^se distbargte am made ; 
and seasoniAly to apportioti thie Mqiriette saf pKet^ The 
anastomoses, which prevail to nnivertMAy ia-the eapiMak 
ry veins, and which ciin so readily repair the ^fidea* 
cies of one part from the Surplus bf iin<ylher, must lOon* 
tribute greatly to the uniformity of motion in th^ vetoot 
drcolation, and to the instantaneous silppily of its di^ 
nmnds* 
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A brief recapitulation of the caustis by H^hicblhe 
blood is supposed to be affected, combined with a Ma- 
nary explication of the manne^i and,- so*finr aa^hi^esB 
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be afleerUuiiedflha proportion in which each cootribates 
ifidttM^o^- ini^JiCf necessary for the purpose of placing 
(he:^iAoWt;t|ieor)p^f the eireulatuni at race before the 
vi^ ofjtbe.'fted«:« • ... 



ti 
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^ eveiff 'OsritiMlaon of the ventricles a quantity of 
UiiDdtB^ prq^iM6d\forcibiy uite the great arteries. As 
thb 9Ofl(te)«rfi!tlk0 wleries are dilatable, these vessels give 
wagftttO'tbe^wriprieaoeity of nbe |>ropeUed bk>od ; aodi to 
ar>ceftsi0'4)iMQce'froin the hearti become of a Adore en* 
laigiid c^broi In ooQ^nmoe of the fttimali derived 
fbm £jlhajldoi>d newly admitted into the arterial cavity^ 
sod«(tf. so bold a metaphor may be used) from the paia 
of 'distbnsian^. the irritability of the muscular fibres is- 
eKeitldl}«4he(€>tttffaetiIe effort is roused; and, co-oper. 
atibg* wHh Ae f^tic^ restores the artery by a rapid 
md^eoMit torita/i^rnier dimensions* As the blood is an 
iaisompraisibte ' fluid, a quantity equal to that projected 
from^tke-lttarit) nust mw be displaced from that portion ' 
of tbc^ wterial: system which had been dilated by the icn- * 
me^ate * impulse of the ventricles. The valves, which 
are sta^tmed at-the roots of the great arteries, and which ' 
are securely closed, during the contraction of the first 
portion of die arterial system, by the retrograde move- ' 
inenlof *lhehlood nearest the hefirtj and more effiMstaally - 
by the suctiob occasioned by the. synchronous dilatatsbs 
cf«tbe«veiitriclesi ot>ti^letdy prevent the return of any 
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fluid from the arteries into the heart i while the wore 
ample ealibre possessed by the aggri^a^ of the vessels 
beyond the coatra^iog portion, and the distensible con* 
dition of their relaxed fibres at the nmrnentt fiivour its 
advance into a more distant portion. This portbn^ now 
distended and stimobUed by the same causes by v^hicb 
the first had been excitod^ recoils vividly upoi;! its .ooq*> 
tents I aodf by the rapid resupiptipp of its firmer ca- 
pacity« ^pels from its qsvity a quantity of blood. eqfial 
to the additiw which it had received duriij^g its dilata* 
tiou«— *-71>e bloiod» displaced by this mqvem^at froim 
what may be ter^i^d the si»Q9pd .portiipa i^ the arterial 
syqtcim, is dirioct^ into a mprp Advanced part of. it^ jt^y . 
the differeut state of the coats of the vessiel^ and iha dif- 
ference between, the aggregate of thar qalihref be&re 
abd behind the contracting portion ; beca^ifey in copse- 
^^nce of the iiapidity of the vibratory uodi^ejjpiib the 
coats of the vessels between the contracting .pprtioo aod 
the heart are still rigid, while those beyond itj^e reli- 
ed and easily dilatable } aud hecau^ the outl^ on itis 
side are greater, as the aggregate of the bores of the 
vessels increases with the distances from the heant. The 
same series^cf aetioiM is rq>eaced to 4>e eiids'of the ar« 
terial system. A quantity of blood, .therefore, equal t9 
that which had bseB projeetad £pom the heart ii|io tfa^ 
arteries, is propelled from the ends of the. arteries into 
tl^ .veins in equal times. The power of the heart ]my 
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thas be s^id to t^ transmitted undiminished to the end 
of the arterid system. (*) 

No data were ffiscoverable from which the momen* 
tarn of the blood, discharged from the ends of the arte- 
ries, or the qaantity of motion it would generate in the 
venous blood, could be estimated, fiut from the mass 
of fluid that was to be put in tnotion ; from the teloei* 
t]rwitti whibh it was known to flow ; from the form and 
pofiitidn of liio vessek' conttuning it ; from the resistances 
opposed Mif f^tetiin, tenacity and various other causes ; 
and from thte pfhenomeiia attending the venous circulation; 
it was concluded, with the fblfest confidence, that the 
Uood could not be cit*cu1at^d through the veins by die 
impulse it received from the arteries. 

In searching for the causes by which the chambers of 
'Ae heart W^re dikted after contraction } it was ascer- 
tsined, that this condition of the organ was in part as* 
eribedto liie formattid position of its fibers in cbnse- 



if) Tbi8 ftetement WM wxi|t«B b^fom tbe i^ppMmictf of Dr«^F«i]^s ^tvAt 
OB the arterial pulse • If the accoant of the passage of the blood through the 
sttetiea, giV^ Iry that Author, and alreadj- noticed in this ^o^k, should ap- 
pear to tiM leadflTtM it does «o the Author, ttose vaatMuihle/ ittmay bo mAm 
Btitnted, without prejudice to the argojoent, instep of ihis» the ezplanat\oi| 
which was generally received, when the first edition of this work was pub*^ 
UAed.. 
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quenee of which slmplci. reUxation was accDmpanied hj 
a certain degree of dilatation ; bnt particularly to the 
supporting of a part of the atmospherical pressure that 
would have rested upon the convex surfaces of the heart 
pr its enyelope, by liie resilient or collapsing effort of ^ 
lungs. It was urged, that the abstraction of a part of 
the ordinary pressore pf the atmosphere, from the con- 
vex or external surface of the heart or from the convex 
surface of the pericardium, was perpetual, and was Aere- 
fore always ready to co-operate with the dilatbg facid^ 
of tbe heart itself as that was alternately rmewed \ and 
that the conjunction of these powers was fitted during 
the intervals of coutractton to dilate the chambers, to the 
utmost extent or at least to the extent of the capacity of 
the pericardium. 

In consequence of tbe dilatation of the ventricles by 
the Clauses which have just been stated, the valves at the 
roots of the arteiial trunks, yielding to the greater ym* 
sure from without, become securely closed, and the re- 
sumption of blood by the heart from the arteries is com- 
pletely prevented ; but the passages of blood from the 
auricular into the ventricular cavities are not obstructed ; 
the blood, therefore, by which the former chambers 
were dilated, pursues the Ifiss resisted course, and oeca* 
pies the space left by the dilating ventricles. Any de- 
ficiency in the full dilatation of the ventricles, which io 
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dielMftkbji'Ooiadiilioii ot tbaw pai^mo ^etredy ooQUiTt 
»\li . readily be . mpplidd hy the proj«c$Ue force of tbe 
opQlrictiog .iiuficlea« By the dil^ta^ioB of the auricleey 
ihoMmkviK^ iii4hi^aori«ttlfir peeaege^t suetainipg less r^«^ 
to(K^y€». tkeir ioli^cniiL wrfmse^ heoome securely chmtt) { 
Wititaft theetberjefeniogei tb^se by. which they comoiiif 
sJASte^wtb.tlte.vwoiis trquV^i 9.o obstaeba ure interf 
fm^p. .»Xbe,UAo4» tber^ifor^t in the Urgi wewm ifooke 
^T^^yeimiiiiPm^tl^ p^t.gf the ^.iiwij pressure io.tbe 
4ifMiPB.^i(be h»vki it iiece^aarJly takes thecoiuise in 
vMch 'it /meets .wkb theJcast fesistaooei and contimies 
to nm^mtb^lt ^xmcse uotil the resistaoce is equaliflsed 
kf. the jCalL ^dilatation of the auricles* 



The heart, therefore, acts at once in a twofold capa- 
city. By the contraction of the ventricles it propels the 
Ueod, ibfiough^tb&arteriest .wd by 4he. dibMatioii of (he 
tmnh^ ^ iHWps it jTroui the .veins* It is «t the < ^auie 
timeta fureiiig •vdA^.snetion pun^. 

.. Xhe. sti^mlnre of tbe mw is not fitted 4ar msing 
bkiwj. dvon^ dbei^ to the he»rt, from parts at ^ dter 
4aiioe£riiiD' that: oiigaa^ by snetion aloee* Forthf^se ¥e«^ 
seb| ibeiog irery ibin imd .pliant, .iwuld iiximediaU^y cot- 
IsasB and heoane iiaiiepviflus -under -siieb aniiiftiieMA* 
Other iugenta ace jreqnired to pmserre .the pw^eabftltflr 
^ Aa irnounaMelsb togi w^heoa aaU were 4ibe proper)^ 
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tf rigid tabest and to^ bring the Uoed wlileli^egr^giii* 
tain geuerallf within the sphere of the action of "the hmstU 
For this purpose, two causes are supposed to to»<ifim,t&. 
The first, to which allusion has already been roads h 
this recapitulationi is derived from the projectile pMer 
df the ventricles, transmitted by the vibrtttioosof tkost^ 
teries to the ends of the veins. This is the «m a k^fi 
so famous in the schools of medicine. We were omtUe 
to estimate the share of the venous oirculacion tbatiirtp 
be attributed to this cause ; which, howeva^ so te^tt 
it extends, is evidently well fitted to co-operate with an 
idlwtraction of resistance in front, and to preserve abin- 
terrupted the communicaition between the blood m dtt 
remote parts and the heart. 

The other power, which was supposed to assist ii 
preserving the distension of the venous vessels in opps^ 
sition to the suction influcaice of the hearty was gravity* 
By the anastomoses which so generaUy prevasL unodg 
the veins, particularly among the smaller ramifications, 
the system of the vena^ cava tnay be considered as a sin- 
f^le canal* By its retiform fabric, the comnkiBiicatisii 
between the blood in the different branches^ by tha>ag^ 
gregate of which, any portion of this canal is £DinBa4 
IB preserved as ready and free, as if the blood had floved 
in that portion in a single unpartitioned diaonel.'' JH* 
IKwition of die vessel is find^ At the moDMntio «4ddi 
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ttii<6^iitlibiriiim between the cootents of the vessel mej 
be fliq)po6ed to bam been adjusted, a quantity of blood 
is abstcaeted from one end of it by the stroke of the 
beert» while a quantity is added to the other by the sjm* 
ttmoom eontraetion of the ultimate portion of the ar* 
teie8# The balance between the opposing columns of 
And 18 ^tivrbed ; to restore the equilibrium, dw anged 
«8.tte actions of the heart are renewed, a motion is 
geomlied in the blood by gravity from the ends of the 
mm to their roots. 

In shorty the motion of the blood while it flows in the 
veins is produced by the force of the heart and arteries 
urging it bdiind ; by the abstraction of a share of the 
atmospheric pressure from it in front, in consequence of 
the resiliency of the lungs, interposing in the intervals 
between the contractions of the heart ; and by gravity^ 
which is rendered available in this case by the projection 
of the arteries and the diastole of the auricles. 

Objections have been urged repeatedly, and from di& 
feiwt sonrces, against the supposition that the venous 
Ueod is moved by means of the automatic or pulmimic 
ciqpsnsion of the heart, in consequence of die pliancy of 
the veins j as the suction or pumping of the hearty 
wenld cause a cc^h^ise of the sides of such vessels, and 
«f teovse obatract, not proaaete/ the-naotion of tlieflajf) 
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ibrough them* Notwithstaadiog thtf cum with wbkb 
t stated this objec^n ia the fornidr ddiliofl oif thk work, 
ftnd the readifiess with which 1 stdmittcfd Ae force wbicdi 
I coneeived it to poaaess/ rkttMi writua, who have 
bdnoiU-ed my epiniooa with tiieir notiee^ faava staled this 
objeotioa as having solely ocMrred to theuiBelves^ and 
as having been entirely overlooked afad omitted to ba 
ttotteed by me. Dr. Wilson Philipi wad Ae llratt who 
I thinks stated it in this way i ud ^ otefae dife|jia9«d 
it as an insuperable objection to all aft)^ Miaonihg on iha 
subject. A few years ago. Dr. Arnott, the author of 
a popular work on Physics, lidvaticed the saiBi^ cAjec- 
tion ; aad in the same manner as haid bean done by Dr. 
Philip and others, claimed it as haviig originated with 
himself ; and likewise concludisd wilh grent OMi'QdaMSy 
that it entirely destroyed the inferences that had bim 
drawn from the supposed suctien of the heart, by Dr. 
Barry and myself. Dr. Wilson Philip again, in a pa«> 
per on the motion of the blood, printed in the Pbilos(^> 
phical Transactions of 1831 , repeats the same objection, 
with the same inference. The words of Dr. fbHip are 
as follows : *^ that all, so far «9 I k»ow, who haiw <dllief 
made experiments with a view topro^e tbe^fiAaet^^f ^Am 
means eo the circulation, (the saotion of tihe heart) «r 
who have sanctioned the inferenoes from eocb espsri** 
meats, have overlooked the cif cumatanoe, ef die vefaii 
bMig tubes of ae pliable a vatare «hat chiy eoHapM by 



189 

tbeir owfi weight*' Ad far as the heart may poiseaa 
8Qch power, ite tendency roust be to cause the vessel t0 
oollap8e» not to move the fluid it coataios." Soon after 
Dr. Philip, in the firit instance stated die objection lately 
repeated, an answer was made to it in a paper which it 
jirinted io the Edinburgh Physical and Surgical Journal, 
oo die circnlatioQ of the blood in ^e head ; and which, 
it is presnmed, is hereby pretty generally Imowii to the 
profession* So much for Ae care or candor with irhieh 
writem read or state the contents of the woHca they nn^ 
(krtske to criticise. 

Although I have already, in the instances now quoted; 
and more fully in a paper published in die Londoa Medi* 
caland Sargical Journal, in reply to Dr. Arnott, stated 
die extent and nature of this objeetioii, and the cause of 
die phenomenon on which it is founded, it seems neces* 
ttry to repeat the argument, not only m attusioii to t)t$ 
cireidation in the mammalia, but aleo in esplication of 
die circulation of the blood in fishes, in birds, in trm^ 
taoeous animals, and in die fietua in utero in whtcb else* 
dc lungs are either altogether wanting, or so situate that 
their elaatidty ean lmi/« no iufluence. 

The ebvious and uui^fersally adenitted csmse, why the 
lidei of A {dimit tidie«olhi^» when anattemi^t Setiwli 
t$ raiae water ihtough it by sudcing from tlie ecfaer Md; 
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ii'Ae dMbrMce of *tbe specific gravify between the n^ 
ter^ the Ikjnid intended to be raised, and the air, ^ 
mediiitn 'Arough which it is attempted to be raised. For 
the water will not asoend in the ttiibe, aotil a portion of 
the pressore of the almosphere, greater dian the difter* 
ence <^ weight between the water and the air, shall bs 
taken from the internal sur&ce of the tnbe. But the 
whole weight of the atmosphere presses upon the exler<' 
nal farfaoe of the tnbe. If the sides of the tube are not 
rigid enoogh to support this difference^ they must yield 
to the greater weight, and collapse* The sides of the 
tube will require to be more unyielding, the higher the 
heavier liquid is reqmred to be raised. The heavier the 
liquid to be raised, compared wilh the Uquid through 
which it is to be raised, the greater will be Ae poitios 
of atmeepherioal pressure^ which must be removed fnm 
the internal surface of the pump ; the ^es of wfaid, to 
pMvent collapsing, must be proporttouably strong* It 
wiUdwrefoie require a stronger Grinder to raisa mercsffj 
durottgb air, than it would do to rnie the eame flaid to 
the same height darougb water. 

* 

But if the liquid, to be raised by suction^ be of the 
same specific gravity with Ae medium through which 
it is to be pumped, in that case, no porlioiL of atmbs* 
]4ierioal pressure will be required to be remomd tarn 
the ialMiid turfccA of Ae pernp^ befetv the- Uquid iM 
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aicead i in* il f |Ui4 of . c^iiFseiy the fti4ea <»f * iImi f^ A 
iKmrevw pHluit tbey^sMiy'lM*^ mil not mllapa^^ !e90ep^4# 
ftr a^tbat may be oeeaaioned bjr tfaeir owa g!pa¥iiy» or 
bytbealig^l '7e$i8iaiieei^icbfrktioii iviay^iake.. '^ 
ibevekaare alweye-ienqiereedina fltttd» eip^aftJeaat lira 
aelMaiice, perviadad by a^flwid of ihe^aame qpedfic gravity 
imtb tbe SmA wUch they oirculatei if adimiautioo «if 
imatoQise afaoald.oeour at one end of a&y of tbeaa yea^ 
ads^ llie^liqiiM^' contatned by it, wodd move tomi^ itfie 
lesaremted fKnnt» witbout greater praesai^e being re^ 
^md to be supported by the ezlemal, than Ibe iqtaiv 
nai, surface of the tube i andf of oourse* without auy 
edl^patog or yielding of their pliaUe sides. Tbisreie 
spaing will apply^ in its full extent, to the veiais of 
dioas ' animals,' the bodiea of wbidi are eoastantly itae 
Bwraad in a fluid el the same speciia gmvity withJhe 
Uood, as of fishes, of . liie fietus in utero, and nearly ae 
of th^e animak wUdi a» lacked in an «myiald»f 
sbdl or crast* fint as llie bodies of the nwmmalia ase 
sarroiHided by an dnncnt of a mneb less apeoificigiavaty 
than the blood, the above reasoning, a^ it a(iplies ie 
them, will require to be considerably modified. 

' . . «, 

Foir tbe purpose of illustration, and with tbe bope^Pif 

affonfing an eatimate ofrthe matter under revie^Wt siiffi* 

dently mmot for. oar present purpoaa> the fello wing ,m^ 

shaifisnphaa^beeftednoriTCA^ hl^ twii ^^Wi4$4i^tki^)i$r 
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drieal form be supposed to be placed isi ecmtadt, tbat a 
frees oomKnantcation be made between the vemA^ by 
bore or pipes, at different heights in the line of contaoti 
and let these vessels be filled with water. It is evideott 
diat in consequence of the comuiuaiGation just staled, 
the water in both of these vessels will be on the same 
level* Let it be supposed, that water be transferred 
from one vessel into the eiher by a pump, with a root 
reaching nearly to the bottom of the vessel from which 
the water is to be transferred* And in the first placoi 
let it be supposed, tbat ttua pump works under the levd 
of the water^ but aft its surface* 

The transferring of water from one vessel into the 
other by a pump tkos situate, will represent the area- 
lation of the blood throu^ die veins of fishes, and those 
of the fcBtus in utero. If the piston of the pump is 
raised slightly above the leviel of the water^ the pfimp- 
ing in this case will represent the venous eiroulation of 
those amphibuous animals which are incased in a shfdllf 
as the turtle, crocodile, &€•; for some part of the bodi^ 
of these animals being necessarily slightly compreaaibkb 
a difference on this account will be required in the ae- 
tion of the machinery for ei#eulating the blood of these 
vessels when out of the water, from what is required for 
iSiat purpose in fishes. WIim, however^ tiw piston of 
Ae |)nmp is raised considerably above the level of the 
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water, the action of pumpiDg may be taken to represent 
the cirealation of the blood through the veins of many 
and.of the other mammalia. The part of the pomp in 
this case, between the bottom of the piston at its higb» 
est aeceiit, and the surface of the water in the vesseh, 
will require to be of a structure sufficiently rigid to snp^ 
port a weight equal to that of the difference between the 
weight of a column of water and that of a column of 
air, of a height equal to the distance between the 
surface of the water tn the vessels, and the bottom of the 
piston* at its highest ascent, with the additional weight 
ooeasioned by the resistance given to the passage of the 
water through the stem of the pump by friction. With 
respect, however^ to the part of the pump which descends 
below the level of the water, no such strength of sides 
will be required. The only di&renoe between the pres*- 
sore on the external, and that on the internal surfooe of 
the leg or legs of the pump, will be occasioned by the 
resistance given to the current of fluid along the inter** 
nal surface by friction. 

Snch ap apparatus will represent the venous part of 
the circulation of the blood of the maipmiferous ani* 
mal9» 

As d]ie human frume is immersed^ ^ all times, ea^ 
livsly in atmpspheriiMJ air, a fluid of a less specific 
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gneikj Ahan bload^ aslt U notineas^ iri bdtt^# JdndV 
bat k soft^ and coftiit)red^ibte to k hetiM iij^ibtthfn 
Ught weight; thdogh its veins ^gederM^ 
flaidy or in a sabstatice pervaded by an' m^col^lllnliS fluid 
(rf ^ same specific gravity with dmr Hi^frichlil' Mi%^ 
imtieil throngh them ; and thotiigh tfallffeart^isltt^^^ 
SDj^lj that fluid by which ihe veins are surroondeil/' 
and to keep up its amount ; and by that means places 
the veins, in a gpreat degree, in the same iiitttafi6tt'^th 
vessels constantly inimersed ib a fluid of iSie same spe« 
cific gravity with that of tbeii^ contents ; yet, as ilie 
veins run often on surfaces where they are partially in- 
vested by a fluid of a less spedfie gravity' than the blood, 
and connected with substances that have th^ stipfk>ft of 
such a fluid only ; in the act of trahstnittiog blood thtbngh 
vessels so situate, by pumping, or by taking off a share 
of fbe atmospherical pressure from the blood at one end 
of the tube, a degree of pre^tite, ib addition to tiiato^ 
caaioned by friction, Win W taad^ liponlilieie^iMnal 
surface of the vein, froitk wfait^itei ifafeii^( ^tlftee li 
tfoie. The extent of this pri^lite is itite^ed tb be 
liidicated ly the heipt to v^i6h M^n^p^ma 
abqv^ the levet of thi^ Wkter, Id ^ ilpparatns^ 
must be held in view, that the comparison bettveeii'ete 
transfer of the water from one' end of Ae vessel into 
the other, by the means supposed iii thie apparatus, sad 
the circulation of the venous blood, ddes nothddln one 



iaqmtwt paitioilar. T^ 4^e(B. 9f| KT^jire^ wbicfa 
tbe.0xfi9rwl wxfyim of tb^veiiis ha^^ju>r^p^ io ^e 
litiif|liw«i9p(qtted>.i9ora tli^p tl^at wbj^ i^.i^i^iur^ to 
b« hmm by tb^Jotecoal wrfacci^ does^po^if^ in the ^ast 
of tba 4piNiratii3K,^l , upoQ one part pf^tbese^vesseli^ 
b«t ia l^etty, (s^puilly jdistributed tbroagb the wb9I^J|W;; 
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JUt.nAmtQQt|si4ei^ boy^ tbevt^iq^are qualified to 
preserve tbeir tabular foroo^ und^r tbis difference of 
lireaaure. The aidea of a yeiu» when taken out of the 
body* and ismftyf cpUapBe in ceosequ^nce of their own 
^r^gbt. 9ot veinab when placed in the living system, 
lw?e a apace aaaigned ,them ; and have a greater or 
lesa adbedoB; to the contignons structure* The calibre 
of the Tein8».in theae circuoistances^ cannot be dimi- 
nilibed^ \)i(itfaout a forcible ^fisrangement in the position qf 
tbe ; ajt^rrnuu^ic^ subatancea* The tubular form of tbe 
veiM^w coats ii^jGsLVpiir^^ble to the preservation of calibre, 
in en^tipn to^ presaore upon their external auriace. 
Tb^ |^9penrty will be^greater^ aathe veins dupninish in 
diaq^ter^iar 19 ibeie minute \em\9, Ae arches which 
iona die tfibf af^ of a^grefite]^ cuf;yat|i|r^4 an^ pC a thicker 
atmclMfe in compju^ispp wi^ the si:ise of the ve^n. . This 
is parUcuIar]^ tbaconditipn of the email veinii which run 
^ suriao^.and tb^ tubularity of which I9 less supported 
bj^tbef cpfmq^tipg structure. The^ superficial veins of 



196 

old people are oftm very promiDent ; but f n €M ei^t 
tbe coats of the veins approach to^a state of Mslfiostioo) 
and hav« become rigid. Tbe tonieity, -wbicbtlMe v^Ms 
in tbe living* subject are said to possess^ is c^ttbtfeed lo 
secure full effect from fdl these causes.- 

Tbe veins, therefore, are fully qualified to formlbd 
limbs of a pump, by which alone the blood may be re* 
turned from all parts of the body to the heart. 

It has been contended -that the supposed useio^loob 
tlie elasticity of the lungd is converted, tbat of aiding-^ 
full expansion of the heart, isunnecessary^aad th^^e^M 
not likely to be so employed ; at i^ events^ that it caa^ 
not be considered indispensable ; because the blood ^* 
culates in fishes, in birds, and in the foetus in utero, in 
which lungs are either altogether wanting, or are not 
elastic ; or^ if elastic, are so situate, that their elastidtjr 
can have no avail in the way supposed* 

With respect to fishes. As these animals, are ood- 
stantly and wholly immersed in a fluid of nearly tte 
same specific gravity with that of the blood which ilows 
in their veins, the mechanism for returning^ the blood 
to the heart, must be classed in that case of the appara*- 
tus in whicb the pump is below the level of the water. 
The power which the pump will, in this ease, require 
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for traasferriiig the w&Aer from one vessel ioto theother^ 
Will (be such only^Bs is necessary to overcome the resist-* 
SDoe given to the transit of the fluid tfaroogb Us limb 
or limbS) by the friction of the water agiiinsi the. inter** 
oal surface. So in fishesy the only fbroe: with which 
the heart is required to expand, is a force sufficient to 
overcome the resistance occasioned by friction, against 
the internal surface of the veins. As the circulation in 
these animals isnot, I believe, very rapid, this resist* 
ance mast be inconsiderable, and such as the automatic 
expansion of .Ae heart, the necessary result of the causes 
which have been already stated, will be admitted to be 
fully adequate to ovelrceme. 

The fioetna in. utero is in exactly the same situation 
with tbe isii in the sea } it is constantly and wholly 
immersed in a fluid of the same specific gravity with 
the blood contained in its veins ; though iti8;:pn)vided 
with elastic Jungs, that great engine serving ao many 
important^porposes in the^animal frame, their elasticity, 
is, daring its residence in the wond>,; in on inactive 
Mtf^i^ buitts complete^aiidinTesNlinssaiBr the new:^t 
reqpnred oi it by die 'great .4;binge which Ae 4uiiinal mi# 
deigoee, in^beiiig Temorocl^by 'birth into a different de« 
nient. 

* 

So far, ijierelere, as: tbe^smlatinnxof^^^ 
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firiies aBd ibe Iblifs mvtem»iOfmovli^lh»wmt9i 
dttstie Jioigi wiU^ njfoa im om^iitnaimh a|fimEv ool 
as an ahjadioa to the dadmedT ilia ntatliat' baa btea 
ascribed to thiNn in iha iairrthta>h 4tf iba hh^ m ibt 
maoiinalia after hvrtk^ bat wiH^ba oraiadarad'aaiive^ 
stroag negative argament in ita {Mronr* 

Birdsi however, are not only placed in die same ele* 
aoani with the iiiaiiinia]ia» batare^Oanslsitedlo ad^nd 
iflisisgioiis ia whidi the air b moidi rariied i and ia 
pomtof i^iecifio gravity, stiU mora ressate fimnlhe 
bkod wUoh di^ carry in their yeite» iidian.lbtjk( vfjmk 
the latter breaAe^i^ The reaaeadt; by> vfhieh Mb» 9ia(li<^ 
elastic longs in:fidie(i isaodDatit^d fof# ^ULnotjapply !», 
them. An nB^pMioniUf^ Jke-'mtj^^ 
Aese animals lunre as»gnld ta tham» im^oimi * p?ail)i« 
ariljr of strnctme^ . aad a different series lof powers*: :Tbe 
Sana fimctioos .ara weeseaitly perfornied after a 4i^- 
ant plan. . Ta anabk.lht^ ndklar toe^iaipr^eod fplly the 
vS(»¥i?a^iieh(,m have jof AemtAibdbymUA: natufe has 
eontrivad to aiq)p]i|r the offiee piirfiptrined by ela^tif^ langi 
in ^iher msttoaalby' woiddia^iiira. a m«re< detailed espk^ 
nation limn can be properly giMB at ihis^placa. Ihfitn 
therefote to re^piest the reader to siiape^hbj«idgs|lii^ 
tiU the resprattop, and adiar imcdonaof IMsi^oMl 
liave been cami d efe d; aosaring^hiBit w tha^mean tii»e» 
ih|it it48:^«onfidendf Inpedlhatji satkfa<4aFytiiusawiU 
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mmiMilm) JMt ibiit m tbtfc dsmtion, piwfe will b» 
tAiiMAht fhn» grteter- power irting reared, than 

^IMtiikg''ttM^«l^liittoni<^ aaitnals, IB 

which a fiuid circtthlMB «f^ gtentiM* «p0iifie' gtiivity thatt 
that in which they are immersed. 

• ' - ■■ '•.•'' •■.:'■.■•. ,-. . • ; . 

Of the anActft who have lately written on the caoiia 
of die niotion #f the blood, end who refoee their nseut 
tiMaiy iaflaenee bemg* derived Jo fitvor of diat motion, 
frMn the euetidn'Of the hearty may be nientioDed Dr. 
AnunXi in a work on ph^Mri^ seiflDce, already montion* 
d ; imd more pattMsaiarly in* a paper, published in ihe 
London Medfeal and PbTiicalJonnMd for 1827, in re* 
pty^ ijbme obderVfttbna of mine ; and Dr« Wilson 
Plnlip) in i^ piiper |»rilited b- tbe^ Pfaikw^hicBl Trana* 
actions for 18^1. hn AmoteiODiiteodsrlinttiMiUoQd 
ia the veins is retaraed tolte iMirtJBltogeliher bya mi 
a ter^Of which k chieAy 8i^;ipfied by die ^capiUaries* Al» 
fk^Ko^h in my opiaion,' the structnuei nataral condtdoo# 
aflid iix>Avergiag' poaition of &e i^ns^ .sup)^ an invipei^ 
iUa objectioii to. the snppositioo : of - the .- veoons :. blood 
bd%;«io^ed^ ^tany powers, whick aiak upon it in the 
way Jal^0&l a 4m^, irdm iwiiatever ongin^this may pro«- 
Mtfl it may ^ bo ptoftert brieiy^ to esiaidar fdiaJvj^ 
of Dr« Amol*. Ike lelned >««^ 
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eoDsiders ti> fiM*m a proof of t^e profiellin'^ pow^ of 
the capillaries. One of Ae chief props of die doetriDe 
of the irritability of the capilhrieB, and of the power 
which these vessels possess of transmittii^ the blood in 
greater quantities,. is the blush which suddenlj suffiises 
the cheek of Ae bashful youth. But is Dr. ArnoCt quite 
certain, that the redness is produced by the action of 
the vessels of the <^heek ? On the contrary, it will be 
found, I think, to have a very different origin ; as will 
appear, when the peculiarities of the circulation of the 
blood in the bead come to be considered^ An well 
migbt the sweUinjif of the corpora cavomosa penis be 
ascribed to the capillaries of that organ, a» the inoreased 
flow of Mood into the cheek, to the action of the capil- 
laries, when the mind is invaded by a sense of shanae* 
The other proofs adduced by Dr. Arnott, of the irrita- 
bility of the capillaries, are unaccompanied with any 
evidence that they are rendered capable, by thht irrita^ 
biiity, of transmitting blood through them in a state of 
health. Veins, indeed, in some conditions, are <>b(9^ved 
to swell. When the feet or hands are immenied in 
warm water^ the veins of these parts swell. The sWdS- 
ing of these veins has beenattr3)ated.to this inereafiMid 
action of the capslhuriev, excited by the stinsulus of jieat« 
But the distension of the vein in thi» case, is iBore rea- 
sonably acoouoted for, from a part of die blood in tlit 
vein being converted into gas ; or rather, from the gas 
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already in the vein being rarified, by the increase of 
beat. That a cause, which has its origin in the ends of 
the veinsp or rather in those intervening spaces^ which 
exist between the terminations of the arterial and venous 
capiilariesy and which is calculated to expand the veins, 
does eadst, and may have at all times, some effect in pre- 
serving the calibre of the vessels in those remote parts, 
is not denied. But this cause is not derived from the 
action of the veins. It will be explained when th^ 
doctrine of venous absorption, and of the sources of ani- 
mal heat, shall come under review. 

The veins of old persons are often so dilated as to 
rise above the skin. As age advances, the venous struc- 
ture becomes of a more rigid nature ; it verges towards 
ossification* When the system, in extreme old age, is 
deprived of that source of nourishment conveyed through 
the lymphatics, by the ossification of the thoracic duct, the 
i)ody shriqks, and leaves the superficial vessels imposed. 
But such veins are nearly in the condition of rigid tubes. 
If e9aipr«9ed. they expand by their own elastic force. 
Soo^ ^hare of this expansion may, as will afterwards 
appear, arise from the cause to which I have just allud- 
ed, 1^ bf^ving its <^rigin at the ends of the capillaries^ 

Dr. Amott contends, that, as the heart,^according to 

Bay own admiasiDa, is capable of transitiitti^g the blood 

ta the end of its course, as is proved by the operation 

ef phlebotomy, it is unnecessary and unreaso&ajbl^ to 

2d 
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teek for any other cause. But it is certainly uoreason- 
able to argue in support of the ordinary action of any 
organ, from the effects produced by it under such un- 
natural and violent circumstances. The passage of the 
blood through the veins, in this case, and which it is 
admitted is attributable to the heart alone, is occasioned 
by the veins being distended to that size which gives 
them the property of rigid tubes ; a condition in which 
they are never placed in the living system, and with- 
out which the power of the heart, however great, could 
not force the blood through them. 

That my opinions should have gained so many ad- 
herents, appears to Dr. Arnott as a lamentable proof of 
a great deficiency in the medical education of the period 
in which we live. But I will venture to tell Dr. Arnott, 
and I cannot omit to tell him, though it may be accom- 
panied with the certainty of giving him alarm, that the 
number of these adherents is increasing ; that it will 
increase from day to day and from year to. year ; and 
that the rapidity with which that increase will proceed, 
will be in proportion to the extent in which the rising 
generation of physicians is educated in those sciences, to 
which Dr. Arnott alludes, and in which he is himself 
so great a proficient. 

Dr. Wilson Philip takes a difibrent view of the causes 
by which the blood is circulated. Like Dr. Arnotti 
this eminent physidan is satisfied that the blood cannot 
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be returned to the heart by suction, on account of the 
pliant nature of the coats of the veins. He is satisfied, 
however, that the force of the heart and arteries is all 
expended at the terminations of the arterial system ; 
and the .arguments» by which the influence of the heart 
and arteries on the motion of the blood in the veins is 
diq»roved» apply equally tp the supposed action of the 
capillaiiea in proau>ting.that auction. 

.As the suction. power, of tho Iieart is supposed, from 
the structure of die veins, to be inadmissible, no other 
power is apparently left, but that derived from the ac- 
tion of the veins themselves* This source of power had 
been so often discussed and rejected, that it evidently 
required no small degree, of courage to bring it again 
on the field. As a proof of the efficacy of the veins in 
transmitting the blood through their calibre, he states 
an experiment made on a newly dead rabbit, in which 
the circulation had been prolonged by artificial respira- 
tion. He laid thejugular vein bare to the extent of an inch 
and a halfy and put a ligature round the denuded, part at 
the end nearest the head* He caused the rabbit to be 
held up by the hind legs ; he then tightened this liga- 
ture. Before the ligature was tightened, the vein was 
full ; after the application of the ligature the blood in the 
part of the vein between the ligature and the heart was 
instantly ..and cooipletely expelled, as the tranaparepicy of 
the vessel enabled him to perceive. The vessel itself was 
whiJly collapsed, proving that all its blood had entered 
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the heart. In the mean timei on the othitr tide of the 
Kgature, the vein had become oompletdy gorged with 
blood. 

The inferences which Dr. Philip draws from ibis ex- 
periment are, that the blood on the side of the ligatura 
nearest the heart, had been advaneed to thai organ 
hy the vessel itsdf ; bj its own aatoral aedoA ; ail 
the other possible causes of its movement having 
been withdravm ; and that the gorging of Ae Uoodi in 
the part of the vein behind the ligatmroi arose from 
Ae same canse, die action oi the blood vtalds* 

Widi respect to the first inferetiee^ it is Mt tme tiiat 
all the causes, external to tlie vessel itself, w«re with- 
drawn ; the self- expanding power of the heMt, ecoom* 
panied with the suction occasioned by that power, wss 
sufficient to empty the vein in die manner that is de- 
scribed. Had the vessel been emptied by its own eon- 
tractile force, completely, as it was, it must have become 
a solid cord ; but it appears it was transparent, wivirfi 
proves diat its sides have been collapsed simply withoet 
contraction. To account for the part of the vein behted 
die ligature being gorged with blood, I must refer to 
what is said, in the subsequent pages, on the causes of 
the motion of the blood in the head, and on eonseqeent- 
ly of the motion of the blood in the jugular veins. 

Dr. Philip does not fail, in these cases, to repeat the 
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objection to my hypothesis, drawn from the collapsing 
of the sides of a pliant vessel, when a fluid is attempted 
to be raised through it by suction ; and to maintain that 
this objection bad escaped the notice of all preceding 
writers. 

I have already alluded to a work of Sir David Barry, 
in which a view of the circulation of the venous blood is 
exhibited ; and which may be considered a modification 
of the doctrine advanced on that subject in the preceding 
pages* Sir David contends, that the blood in the veins 
moves only during the period of inspiration ; that, dur** 
iog this period it flows into the chest, and is there ac- 
cumulated IB suffident quantity to supply the demands 
of the heart, untii the return of another inspiratory pe- 
liod. TUs doctrine, which is certainly r^ngnant to 
oor preconceived opinions, and in apparent opposition 
to many known and well attested facts. Sir David con* 
tends to have established by experiments. This doc- 
trine was introduced into the world under very favwaUe 
drcurostances ; it appeared under the high patronage 
sod af^roval of the Institute of France, and obtained 
by that means a reputation both sudden and extensive. 

The experiments* by whidi Sir David contends that 
this view of the venous drculation is confirmed, are the 
following. A catheter was introduced into the jugular 
vein of ahorse, luid pushed onwards to the pectoral cava; 
the other end of the catheter, to which a spiral glass 
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tube wad liffiked, was^cmmiMMd Widi a-^oor^d liquid. 
This liquid vras obaerVdd lb rise eontrary to gravity 
when the flttififnal inspired^ and -to bir sH^iomry, or even 
retrograde, at any other period. This eaj^eriment did 
not exhibit the same appearances when the animal was 
in a standing position, it only shewed them whcitt the 
animal lay on his back ; for, says Sir Da?id, the horse 
is scarcely observed to breath when standing.* 



* These experiments, in my opinion » by no means warrant 
the conclusioDs which Sir David Barry has drawn from them, 
and which were admitted to be legitimate by the cottimittee 
of the Institute of France. The phenomenon, namely, the 
ascent of the blue liquid during the inspiration of the horse, 
admits of the following explanation. 

* 

The walls of the chest are secured in all directions, except- 
ing through the windpipe and the bores- of the large vessels, 
which enter it at the top and bottom. The dimensions of the 
chest are variable, being greatest at the period of full inspi- 
ration, and smallest at the lowest stage of expiration. These 
dimensions, in passing firom tke lowest to the^ greatest extent, 
require the introduction of matter in to the enlarged boundaries. 
The sources from which this is most readily derived, are the 
atmospherical air tluroagh the channel of the windpipoi and 
the blood of the system, through the blood-vessels. 

The introduction of air from the atmosphere is impeded by 
two causes, the friction which the air sustains against the ifl- 
ternal surface of the windpipe, and the resistance offered by 
the elasticity of the lungs. The pectoral and abdominal cars 
are the other outlets by which matter can be introduced into 
the chest during inspiration. The introduction of blood in 
greater quantity, at the time that the dimensions of theche^t 
are expanded, seems to be effectually prevented by the regu- 
lated action^ of the heart. No great additional accumulation 
of blood can be made in the cava, for this vessel must be at 
all times distended to nearly the same capacity. It is im- 
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That the blood in the veiiis is returned tfarough those 
vessels in one equable eoDtinned floWi has been an opiq* 
k)tft loQg reei»ved» and supported by evidence too strong 
to heiMfiily jpq)elled. If a vein is laid bare and tied by 



merged, m the elastic lungs, which tend constantly to resiliate 
from its external surface, and to draw after them the coats of 
thcf Vessel. t¥hen a fall inspiration is made with great rapidity 
a supply of matter, to provide for the increased dimensons of 
the chest, cannot be made in the time required. All the con- 
tents of the chest which lie behind the elastic curtain of the 
longs, are at that moment relieved from a share of the pres- 
sare of the atmosphere. A greater expanding power is placed 
upon the internal surface of the coats of the cava, than upon 
the external surface of that vessel. The coats of the cava may 
be supposed to yield, to a certain extent, to this distending 
power, and afford room for an additional quantity of blood. 
This additional quantity is yielded by the jugulars with diffi- 
culty. At this moment, matter having access to the cavity 
of the jugulars, would be ancked into the channel and moved 
towards the heart. This would appear to be the effect of an 
extraordinary and unnatural effort, not the effect of ordinary 
inspiration. It would, I am of opinion, be found upon ex- 
amination, that the result of the experiments made by Sir D. 
Barry, upon which so much stress has been laid, is to be at- 
tributed to the position of the animal at the time of making 
them. The korse was placed upon his back, with the head 
probably dependent. This position would appear to be very 
unnatural and irksome to that animal, as he never places him- 
self in it for any considerable time. The circulation of the 
blood from the head and neck could not fail to be impeded 
by this position. This is tlie more probable, that the opera- 
tion was not attended with the same result, or as it is stited, 
did not succeed when the animal was standing. The reason 
which Sir D. assigns for this is not a little curious ; because, 
says he, horses are scarcely observed to breathe when they 
are standing. , According to . Sir D. Barry's doctrine, the 
hlood of horses must not circulate when they are standing. 

Sir David Barry is wrong in supposing, as he seems to do, 
that what is called^ for tiie want of better language, a vacuum, 



8 ligature^ diebkod instandjrkaittijiftie psrt«f^ the vein 
hetwem die Ugatare and the bcavt, wkboirt waitkig&lor 
die period of iatparattoa. The cesPBtiettaad reaewJ 
of the motitm of die Teaoae blood aocordiB^: to dwipe* 
riods of expiration and inspinnion^ which are neeasiery 
upon the euppoddon of Sir D. BarrjTt wetdd-exliihk 
marks of an agitation too evident te-bemietakeik {Skd 
blood advances, according to Sir D. Barry, in the veins 
during i«#pifatioD, aad lodge, ia dn. l»ge veueh oear 
the heart, by which it is rei^eiyed as the neeeseitieB of 
thitf orgfm require. But Wheseieaa thiejodgatnent be 
made ? The vena cava is at all Climes fiUed, nearly to 
the greatest extent that its coats will admit oLV No al- 
ternating depletion and distension take place in the veins 
without the confines of thechest^ Thal«theiiiodonKof the 
blood is soroedmes acc^rated by inspiilfttiony la ievideut 
from the vivifying ^ectsof dei^ sighing, to:whi^ per- 
sons laboaring under great depression of spirits have in* 
voluntary recoursei and which affords diem rdief. His 
is explained from the fuller and more vigorous expaosioB 
of the heart occasioned by the increased resilience of 
the hioge^ 

exfttteiii.die chest only during inspiratam. Thecauiesr^ 
which it is produce4, operate at all times, though not with 
the sam6 force. FoV the lungs are always dilated, in the soand 
state of » the fl,ya^^ , far bevnnd^ lihe^r natural condMion. It is 
only in consequence of the elasticity of the lungs, that the 
vacuum, discovered by the experiurents df 'Bariry; eouM ^^ 
produced. If the lungs had not been elastic, but dilatable 
like a bag, the windpipe would readily have supplied all the 
matter requisite to fill the chest during inspiration. 
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The gmend agists which are eoiidoyed ia the cir- 
dilation of the btoodt and which themselves constitute a 
part of ibt anioial raadiine, are the longs, the heart, the 
arleries^ and die veins. Hiere are other agents whidi 
may beialled gmeraly bttt which do not peculiarly be« 
loi^ to die animal Sabric. llie ehief of these are at« 

mospherieal pressure and gravity. 

• » , « * I -■ ., ^ * . ^ . 

But, in additbn to these, . tbere^ are other powers or 
ooDtrivancea which may be called subsidiary, lind of 
whidi the office is confined to particular parts of th# 
drctdation ; among these may be ranked the machinery 
of lire liver and the spleen. 

The observajdons which I am now about to make will 
be confined to the^ subsidiary agents, the office of which 
beloQ^ .exclusively to die motion of the blood through 
the encepbalpn ; and, in noticing these, it will be ne- 
cessary to connder, generally, this part of the circula- 
tiooA 
'«" • ■ 

The cranium is a hollow spheroid constructed of bone. 
Though the shell of this spheroid be formed of several 
bones, yet, in consequence of the exact and perfect man* 
ner io which these bone^ are united by what anatomists 
term sutures, it may be considered to be composed of a 
Mngle bone continuously of the same structure. . 
2 t 



wW all tb^ <«pft^ . partp huve beep 6^iiitfr^t««dibiti 
nMBjrflmall perlarfOioii^F i^4Uig* iblfetoiP^iiM^c^ 
ol i;be pftct9» a .passage for iK^ve% a(t««i9%.«Qii4/^«^ 
baaid^ ^iqa mudb lai^g^ery % wbicb a i«ff>t|ai<Mffii;W'iti<> 
fanned heteaea tba .ooattbu of tbe iisafi^ #A4jd|H§ 
of the spinal canal, a iyKodrical4ulwirf^patiwtflf<|P!if 
a^ucture^ aad pwforated in tlia aame mannery aad for 
tbe same purpoaeaf.aa the craniniB itaalf*^ . 

. As a fouqdatioti for the argnments wh^ch^inay baad« 
Vapjp^ in this inqinirji it seems oeces^a^y to,ei;ainJDe 
briefly the component parts of the :encc^ba|oQ»lH|g^n^p^ 
with the vascular and membraneous parts of it* 

Tbe arteries, at their entrance into the craniumi 
through the perforations appropriated to that purpose, 
possess the same structure with those vessels in other 
parts of the body* They are described as taking at tbis 
place, a winding or tortuous course, which is supposed 
to retard tne impetuosity of the blood when it is too 
violent* Here, as in other places where they perforate, 
they form, by their external coat, an adhesive communi- 
cation with the membrane, which, in this case, is de* 
scribed as a continuation of the dura mater lining the 
passages. 

After they have entered the drahium, tbey 'for ai»iisl^ 
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tbneraii fci^ grootw liMnned<m Ae^atertial siiiftbe of 
tbe^ skall^ aendiag ^» a» tbey^Bdvancsaji biranehes to tha 
brain ^and'HienibmiMOus parts of ibe ettoephalon; Hio 
artmal'Byateiii id th#hea4*seea£»*Jti:diABr little from the 
mm ajaMeoi^ in other partaiof the.bodyi The espWdiTy 
aneiStoof fte^head oommmiieate with the oapiUary veins 
in tS^ j^iobaKHtjr aftar' the same ^toner in wfaidx diese 
viBssels . oomiBitDkate m^ ethiir parts of. the bodfft and 
wfaioh »/st pirearat tiKogether unknown. 

The part of the vetoaos eyl^tem within the head, i9« 
teroepted betwieen the: ultimate terminatiobs of the artiB-* 
ries aad tl^ aihuaes^' it in no respect peculiar or differ^ 
ent fin^ni the same system in odier parts of tbe'body, 
Aftior tiiis^ a.remarkable change in the veno^ structure 
takes pface. The veins do not unite- to form laf^s 
bnmdws or trunks of the same structure with themSelveSf 
but openv as is wdl-knowor into.;, vessels of A^peouliar 

* 

fabrict termed, by anatomists siimses. These sinuses it 
witt he^ necessary briefly to describe. 
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Th^s iniei&^t sutCmo of the crtinium is lined by :^ 
straiigr«BiAml)jpaoe^ ;termed tho dura mater, composed of 
tWD'pUlest and adhermg thnui^hout to the skul). 

Fcddhigt of> the inldmal. plite of^ this membrane e«t 
4ie«mwiiiwbolb tei^4<»aUy mid h0fiimntaUy, s^piariMJiig 



tbtf brain Into tw^'^iit^mbM ot hntimifhmi»i.mi^ikt 
brain, properly so called, from the cerateHqiAi'iijIht 
two plates of which these foldings of the internal lamina 
of «he dmB omtisr lore ^oriMd,^ ^acUifare rfisndf^ i:agdlier, 
fSxce^AhgtiX tbieir c^iproaeh t9i die JkMf wbera^thegr 
i^tiM, iMsd bsoooie attaibed to itaaalcfhial mf&x»M 
a d^tance from McJi ether* ^ > The ftpaee tfor ifaed^ i^^the 
separated piat^ of tbe dura mater; aiadtiNEb^ 
cranimn tnterceptedi bet^een^tbe^liiiea of.'die Mtaebwnt 
of these separated plateB»avd tbe:sifi{i8es« Hktiff tran^ 
verse Biecli^ii forms: a Q'iMf to; ^ In 'witkqmlito^'tlie 
great^strifengtb o^^-idie^ tneiiibi*atif& ifermiig the^aipmes^ 
and 6f t\m mMib np^n mkiA^^ 
Hien^bfandoua ddto'of "dm aiMies'pfiatrveiflieir poutiim 
i^ <^)pds|tidQ ^to '^^m^^ 
flgaioat tfaeir iu^gittal ot /exUrmA sK&oes* Tb^ .an 
vessels^ ^ose dimenaioiis never varjv ^ TSaof aceiiwy 
nnmerOttS j are situated tv jdl quartafs of die liead ; 
dief 4^er gr^ad]^ hi >siM ;• aodiiayireBebai^eiinimiii- 
cation with all the rise» '^h»**tm^tiApmfimmBdbi^ 
Stttsh are the tesseb into which the Teimsi retumiag di6 
blood ftoni the brab acid ita^embranes, dischaifed^ 
eontents^ Th& iiti«s@s^ bf '{faasagee^diiragktlw g|^^ 
oommiiiiioat& i^lh<«he ^eina of the iaeck f rand,. oMhii 
part of th^ sanguiferous tkde, the ordinary TaBoos 
aerii«!iureiatig«iiltaaiii^« Ai thaaa^wsMiif ppadBmij^ 
Ae eratikiiii. diieir ^agcternal auMite fiirAwi^i mtQtim^ 
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V{^ r^fwoi to '.l]i8 nerves the otfaw aysteov of yes* 
Mfat'of ifae .faeadi it iroaiy MCOMttty to i!9i]iark»t Aat 
ik^ialso^ atthar ea»t:iBroar th»€nwiiii»j form a^flxaii^r 
dtta^wiffiDtito that dTJie blood* viw^ to die periostettms 
Umng A0r,dcMir irf thietr wit. Beadbs the Teaseb mw 
to m nOTB te d ^ ^re belofig. tD;tb6€0€e]^afea oAer jro^pto- 
dfls wUdi now require to be cpnsideredi and whieb will 
be fecnditovhaMma iinpontaBl: place in Ihe. present iu* 
veirtigation* I aUude to^ihe veotridee. Hie. ventricles 
fif.'diBbrak flABjr.be deaoribed as an irriegnUff fi«Bore» 
tnnreinDg tlie urferior^aiih^aMeioftba.t^ 
pneady iobiiatdtii^ tad^iilitaUe\at»ili&rw^|daee6) ae« 
eaeding tx> ciceiumlaneestxiate caaritieeseC |^niaii9r.'0f l&m 

fitMBe: haM rensifed tbe mm^MrmtiiAiAe^ i^99d tbe 
nanvw cbanneta by ivrhidb t)iay eofflUQftniiiptes bave r#- 
erind Ae.nfun&;ofifa8aages> i>r riQ^%>b9ti;^% the vea- 
tridaa* i Ibe veatridea aie general]^: feckpMd to be 
fouTyf and' each eapimaHiicite$>iwithi^att $hf jSesti (utfaar 
diaeatljr oriindii^aed{y«: .3l|e8a'Ve^tmlfla>rJi^ben.dibited9 
«Kaaitaiiaroi^oavil»ea» oantoiri aiwatinry^ifli^; Itiaetill 
a .flwtter of « diif ntei wJbetber; tbey ar^: at any titm alto* 
.piliKglimft^ or^mtmAif ibeir appomg^wlfM^eSifHre^Mt 
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water. Thft water* iiihtehi msfff^ mtU^'m.MxynsleAiti, 
will, inxyag tha sound ^tote a{ tto p^ctor l>e, duMihiiliBd 
in a jiven ratio tJbrough aH th^ ventiicleihi! Tliia««Biii9 
p^Q8M^^;tei fi»Utf«ii^iDr^5pp9i(i<9i*ofid^e^i|i»rto 
of r t|i«. i bfMn«. JqM^i^: ;J4i i^et iMwi^r^b«i^^^ 

tbe otli^fv^ppriif ^ mmniied is ^ ^Mmixbn ^MtixiiiklBf 
v»b|l^ tiny vadtrwlbiiaiid eomiiijaQmtn^^ 






pastdi .1'. Tbe UaJdiiMafldMdiiiHkft 
2. Ibewa«erinitb9<wiatt«dki «1^ TbefartoiA^raiatoiia 
suljSteMeaf tba^bPais tHadkfe TWnitmbtaaeat iflwioats 
4)^ 1^ MM^-vesaeltfj^ and Mvifiima'tii^^ im propoie 
for «ho aaict of orguBieat, tck* plaatfin ^heukatr^^diiise 
dirittona* ; An tbel limilia ^ 4i» ^craMina ; are 6»dt «d 
as tha^aoHd eotrteata c^k^aaaat be irt aUtiviaa^dia«^ 
it la-^dMl^tllatithe ^vofioi^ifimQinf^o^ 
aaanot' vmcymAtimkBSKAmgi^ iaaeror 

both of tb0 ofhcflT'twoi : As theaabstance di: tba4iPii*i 
4umg* Ufe^ caaoofc undergo aaf caiwdenb}^ dlteiali^ 
«addan]jr» or wittHHit^tbo<o|ieratioi^ of a^fl^w pmm$ 

«adaaith»MbstaMaiaincMi|Hrea«ft^ laia-tMnM''^ 
be afterward^ eKpbdne4^< and aavtba •qaaii^'^xC ivs^ 
cannot ba istttanlif isfveaaed oa^iiaiioiihedb andiHtwif 
«Uki aneooijnresiiUaiaf <fi»Ua««a^ Uu^ 
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oontaiiPftd in^e- )mA mast, '^vf the «iippMlYion of^ tbe 
dttksr Mo dMsione df 'tike Wr^im'(^ MM mrftiiiiim t^- 
iMttbi^ ^uincbiilifgiid, beiitan tiiii<^4Aie'Mlkie« Let it 
hffmfpowif tftttt 4be qttHottty «f ikrattisr eoataiiied m the 
viefitf^es^ Mii'thci^iitMitjr <rf*l^ t^0 ^thrAvM 
oiMfiliio6M partMMM of tk MiiiMts of tbd otiatiioini rs^ 
mitiiod'ditii^aiigMlt die 4«8««ity of bloody ilho re fMidiffg* 
portioti, eoaid spttbe aognionted bjjr aoy^fiMPee by Wliftdi 
the cmtmia ma not^noftcM^, or tiie-Mviiy enbirged. 
Mo blood, in tliese eiPcuBistaiioes, eouk! be tlirow^D into 
thehewltbfliie arteries, 'unlour 'an ^oel qitdi^titjr Was 
ai;iiiie ime knitattt diidia#ged^4n>m ^ •eimtiiim throtigli 

bfy^M^hhoAWlbTcmk iiMo die bMi, dree)p^eto»^ 
flMMBi Qobbod ooiild be i<etottted baek kom the endsphii^ 
km "dil^ii^ oae art^, tft- the moment Ihti^ a qtt&«Ay 
V9» Ar«0mi iotd it by lloocfaen the ehiaeeai «re^Aie 
4mly mulele tbroagli whieh bleed eoaM b« dtodiicfged* 
Btti%fiivliat tneatte ^Uti any blood be diil{daded fiiotothe 
ritoniee? If v^ eonsMer for n moment the ferm ^ 
etfWtiM of Aeee vedsele, and the ot^oe meaner by 
«rbldb' ib^ am petfbmei by tbe smeU teio^' leading 
from ibe bfi^ end ihecKbilrttiie^i i« ie iiApoksttdfe te 
itDii«liie Ait ttie effeetr eeuhl be ddoc^pliib^by a foMlib 
direetly communicated from tbe heart and )EMerk», lil 
die manner of a t^iV a tefyo. But the system ie^ pro- 
vfded Mridf ecber Hffei)^ by i«4ifeb^ blood iti t^iiimles 
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ten be nSecUsA. Tb^M are gravity in ceitaiit fmMmi 
oftfaehted, and anetber ftiAVi tMre^Sec^ 
raanerit, tbe removal of a potdoA of <he pririisllre ef^iie 
almospbere from lite Mood M tbe ends of tbe simieest 
oomttaQoicating witb tbe veine exteridr to the bead, -by 
tbe dilatatioa of tbe beart and tbe reaiKesDB of the kwgv 
Qonstandy tending to. increase tbe diameter of-tb&veiiis 
wifliki tbe ebest, ^t tbie dasa of ageiits, if Hot ee 
powerfol as to ontbahioee tbe whole weight of the at* 
naospberey or if (be parieles .of dieerannim did liot jiMf 
could not withdraw a single: partiijle «f Uood thorn tbtf 
head, unless a quanti^ equal to that to be eKftraelrii 
was at tbe moment suppfied by- 4ie aftmes. Bel the 
abstracting powers, tfa'pugh singly insufficient to move 
the blood in the head, being permanent, are at till tiaiee 
ready to co-operate witb the sucoessive injeelioiU'ef :4w 
arteries. By the joint agency of tb^se two claifMs ef 
powers,' i^n impulse is givea to one end of a tdhnam <ef 
fluid, and an abstracts of resilience, or,- io f^Jfikt 
huiguage, a suction is applied at tbe othu* ; and^bus^sn 
easy, equaUe, and duly proportioned motiioA is givvb is 
all the Mood contained between the first entraoe^ of tke 
arteries, into .the ^cmniom and the Outward • ends ^of die 
sinuses.; that Is, to the whole Uo6d contained witbh 
thecraniuQp. 

' I do not know of any madiinery with which tUtf^ ^or 



ai7 

wwlll^iiig the Uoad iathe haad, giuq in all ijbcf parts ba 
oiip|)|r«l> fi>r the a^e of illoatralioii. , The heart and 
^ittii||» .iiiBaDihK HI aoinaciegr^e, aauQoesaion of|Miinpat 
hjr.icU^ ivater ia i?uae4 to qoe elpvat^aQ^,a|i4;theiifr^ 
ihft ta apiotj^er;} wiith .^thia A^ffer^opei^ that it ia on a^ 
canajs C|{|;h9 grecft elifyatiioi^ to. jBtrbicb tbp water is to be 
Qosad, JtM -a sec^^, ipuinp; i^.re^i^red » bvt» in the 
assa m tp^^i^w$ the aioiaaesy; or a: first order of pttai|)Si 
are iMt ^ii^|f!d4>a %apou()t of tb^ ftl^viitioii, hut for the 
pnrpoais^ftf Gal]MtiQ|»:tbo.:blp9(| thr^h a ihQ^sand, c^n* 
aeb from ^.pacts of tbt; bcain». and of formiag resor* 
v<ara to whiofa lhe.i)otioa of.ibe^ seepad. order of puiopa 
QUI bo tiMNro j^fiefotoally applied* 

The . aipiuse^ /and the vans of the nefk«.h»va been 
suppi^aed to form, a sypboiu . Butitoaooot beby this 
maefaipe that they i^t at all times* lU; Uast^in conveyiag 
the ^blwd from the bead. Id. the erect ppsition oi the 
bsad«.tbeyj9ay form a syphon j b«t, in the Fepambenl^ 
aodtf 4till q^or^ in the dependent .st^to of tb^t part of 
Ab imhf'i&witjfM which is the c^iis« of Ui«,i»oti9a of 
aibild Ihr^igh a fyphout c^^ases to iafluen^y Aod civer 
opposes (jhe tuition of the b)oo4 firooi the head } and the 
UinfX reaapy4 of.A j^t ^ the pre^sur* of the atino- 
8phei« from the blood on the side towards the heart* 
or .some, other equally effective power, is required. But 
no such power has hieeu. e^djibited in any of the views 

2 F 
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taken of the circulation of the bloody excepting in that 
iu which the elasticity of the lungs, and the automatic 
expansion of the heart, are supposed to have so great a 
share. Gravity, as has just been stated, may, in the 
erect position of the head, assist in returning the blood 
from that part of the heart. The co-operation of gravity 
with the other agents which have been mentioned, is in 
this case direct. Bat even in the pendent and horizon- 
tal position of the head, gravity, though opposed to the 
motion of the blood in the jugulars, has indirectly a con- 
siderable effect in securing an uninterrupted and free 
motion iu these vessels ; for, by the lateral pressure, 
which it in these circumstances gives to the sides of the 
veins, gravity prevents what may be termed a collapse 
of these vessels, which, if it took place, would inter- 
cept the suction influence^ and, by that means, it more 
than counterbalances the opposition which it directly 
supplies to the return of the blood. 

A singular phenomenon, exhibited in the motion of 
the blood from the head, receives a striking illustration 
from the views which have now been exhibited, and ap- 
pears to me singularly confirmatory of their truth, and 
may with propriety be noticed at this place. The veins 
of the neck, particularly the jugulars, vessels which re« 
ceive the blood from the encephalon, and the pectoral 
cava, into which they discharge their contents, contrary 
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too the usual mechanism of the veins, pulsate. For the 
want of a better explanation, this effect has been usually 
attributed to the stroke communicated by the accompany- 
ing arteries to them, and transmitted by these vessels in 
a secondary way to the touch. The arguments by which 
the opinion of the pulsations of veins being attributable 
to accompanying arteries is, I think, refuted, have been 
stated elsewhere, and need not be repeated here. The 
simple, and I trust, satisfactory explanation about to be 
given of this phenomenon, is this. The arteries, which 
convey the blood to the head, throw this fluid into the 
cranium by synchronous jets. An equal quantity, ac- 
cording to the hypothesis contended for, must at the 
same instant be discharged from the cranium into the 
veins. This must also be by jets which cause succes- 
sive jBurreuts, or in other words, pulsations in these 
veins. While the contents of the ventricles, and the 
substance of the brain, remain unaltered, it is evident, 
that the quantity of blood contained in the cranium must 
be at all times the same. No force could, in the state 
supposed, increase this quantity of blood ; and from this 
circumstance, a great security is given to the vessels of 
the brain, the rupture of any of which would be attended 
with fatal effects. Nor would the abstraction of any 
quantity of blood from the rest of the system, diminish 
that contained within the cranium. This consequence, 
which is so clearly deducible from the principles which 
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1 bare attempted to establish, has lately been emifirtned 

by the obeervations of an iugenious add able writerr 

who bled a number of aniauils to deatbt atid feond tbe 

blood-vesdels of the head all fully distended with bleeds 

Although the quantity of blood contained witliin the 

head be at all timea the mme$ in the ciroaodstaBees 

stated, the distributiou of il aiay vary. One ^t of die 

enicephalon may at one time contain a greater quantity 

of blood than its ordinary proportion ; but some etber 

parti in that ease, must conHua less* . la what eireum* 

stances tbte occars, or what are the eonsequmiees of it, 

are questions whtoh, I suspect, are at present utaanswer^' 

able. A partial inflammation of the brain, if iniaoMna^ 

tioa of that organ be iaceompaoied with the same ph^* 

nomena aeeolnpaBying inflammatioii m oilier par^ of 

die body, mlist ah^ the distribution of the Uood ta^ 

eraniom* Blood would be aeouttmkted iti the ioflsned 

pali;, and there would be a eorrespoading abatiMlioD of 

it from another. From which of these slatea gtealar 

danger would arise, is altogether unhuown^ ^eagh 

tile quantity of blood belonging to the enoephalon wm^ 

m the state supposed, be at all times the mm^^ tlie qosn* 

tity whkh passes through it, in aay given tune, will 

iftatj accordi^ to the vdooity of the Mood* 

We have hitherto been coufsideriDig the motion of d^ 
Msod ia the head, in the case in which the two oAer 
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constituent portions of tbe encephalon are supposed to 
remain die same. We are next to examine how far the 
motion of the blood in this part of the circulation may 
be afl&cted by any changes in the quantities of one or 
both of these other portions of the contents of die cra^ 
ninm, by tlieir angmentatton or diminution ; and, firsts 
witb regard to the substance of die brain itself; 



The late Dr. Alexander Monro of Edinburgh con- 
tended, that he had proved by experiments^ diat the 
substance of die brain was incompressible. What that 
learned Professor meant by the inoompressibility of diie 
brainy may require some explanation. If we take a piece 
of the brani into our hands and squeeze it, few sub- 
stances can be found more yidding* and compressible. 
Biit die meaning of the term, as employed by the Pro- 
feaBor, was,, that the idtimate partider, of which the 
bnun was composed, were incompressible ; or, that the 
same number of these particles would, under imy diffisr- 
eiit dq^es of pressure, occupy the same space. Per- 
Vupr the idea may be expressed iU' odier words, by say- 
n^, that' the substance of the brain was inelastic. Tn 
tiiis- lights the muscular substance, and indeed most 
other parts- of the body, may be considered incompres- 
aftle. Previously to the time of Dr. Monro, and by 
many of die physidans of die present day, m^tSe case 
4)f aeoomuktion of water in the ventricles, the water was 
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supposed to compresd the braiu into smaller bulk. Dr. 
Monro justly contended against this opinion, and main- 
tained, that the water in these circumstances, by pres; 
sing against the brain, caused the. absorption of that 
organ ; and that, by this means, a part of the substance 
of the brain was consumed, or rather dislodged froni 
the encephalon, to give room for this increased .quantity 
of water. An opinion was held by Dr. Monro, and in* 
deed by all the physiologists of his day,. that the office 
of absorption was solely performed by a peculiar class 

• _ 

of vessels called lymphatics. Though the search had 
occupied the eager and ambitious toil of anatomists dur- 
ing the last fifty years of the 18th century, no lymphatic 
vessels could ever be found in the brain* It wa3 eon,- 
eluded from this, that water, when once deposited in 
the ventricles, or in any part of the encephalon, must 
remain there, as there existed no machinery by which it 
could be removed. In the case of the disease called 
Hydrocephalus, Dr. Monro was induced to recommend 
as the only, but awful alternative, the discharging of 
the water by the puncture of the brain. By what ma- 
chinery the substance of the brain could be carried out 
of the encephalon, while there existed none for the re- 
moval of water from the ventricles, neither this eminent 
physiologist, nor any of his followers, have attempted 
to explain. 
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But the doctrine, that the lymphatics are the only 
vessels endowed with the faculty of absorbing, or of tak- 
ing up fluids deposited in cavities, has been disproved. 
By far the greater part of the process of absorption, it 
is now admitted, is performed by veins. Indeed, the 
lymphatics, to which the sole office of absorption was 
attributed, owe, in a great measure, the power which 
they possess, in this respect, to their connexion with the 
veins within the chest, where the great lymphatic trunk 
is subjected to the exhausting powers derived from the 
elasticity of the lungs and the automatic expansion of 
the heart* 

The important physiological truth, that the veins are 
fitted to absorb, is plainly deducible from the causes by 
which the blood is moved in its passage through the 
veins ; and that they do absorb, has been fully estab- 
lished by the experiments of many physiologists.' We 
are now, therefore, happily r'elieved from the disheart- 
ening conviction, that water, when deposited in the ven- 
tricles, can never be removed by any natural process. 
There can exist no doubt, also, that the brain, like every 
other part of the body, is perpetually undergoing a pro- 
cess of renovation ; that its substance is subject to in- 
crease and diminution ; that it may be augmented under 
the enjoyment of luxuriant healtht as well as wasted by 
defective nourishment, or long consuming disease. 



Let it be suppoaedj firoQd some canae^ that the expend- 
lag .process has beeo more active .than die renovating ; 
aod that, in consequence, the sobstaace of the brtun has 
been considerably diminished. In this case, the quan- 
tity of one or both of the two other constituent portions 
of the encephalon must be affected* The space that 
would otherwise have been a void, must be filled up by 
an augmentation of the quantity of one or of both of 
these encephalic portions. Either a, greater quantity of 
blood must be contained in the vessels of ihe.bead, or 
the quantity of water in the ventdcles must be aug- 
mented, or both of these effects will, to a certain extent^ 
be produced. The last of these conditions is, I believe, 
the one most usually found. On the ^sseotion of bodies 
reduced to great emaciation by disease, the vesseb of 
the head ar^ found to be turgid, the substauce of the 
brain to be soft, and to contain an unusual qioantity of 
blood, and tiie ventricles to, be greatly distended with 
water. Sometimes, in such cases, the quantity of wa- 
ter contained in the ventricles is very considerable ; ten 
ounces is by no. means uncommon. Suppose there had 
existed no receptacles for water« such as .the .veni(rides, 
and the brain to have been wasted to.thfit.d^ee, by 
which room was afforded for the admi^i^on of ten ounces 
of water into the encephalon, the blqod-vessfds of tbs 
head roust necessarily have been loaded with.ten ounces 
of blood in addition to the quantity which they already 
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possesaed, and by whieh they appear to btlve been aU 
ready too mncti distended. ' Long* before' fliey could 
bave been distended to the capacity n^esfs^y for the- 
admission of so great a quantity of blood, their coats • 
mast have given way, and a fatal hemorrhage iensued ; 
or, at all events, they must have been too much sur- 
charged, for the performance of thejr functions. Hence 
we readily perceive the important iises of the ventricles* 
By beooming' the receptacles of a mild fluid, they, in 
certain circumstances, prevent the blood-vessels from 
being over distended. By their greater or less expan* 
sion, they become the grand regulators of the circular 
tion of the blood through the head. Water in the ven* 
triclesy in such circumstances, instead of being considered 
a disease, is, in reality, the great remedy provided by 
imture for th^ preservation of life, in situations in which 
it could not otherwise exist. It is the defence set up* 
by aatbfe for the protection of the breadies or weak 
points wfasch may exist in this part of her works. 

The ventricles of the brain, in consequence of their 
irr^nlBr course, are admirably situate for enabling the 
substance of the brain to assum^ that variety of positioa 
neoessaryy as cireumstancea alter, to give due support 
to.the vesfi^ of the head, without sustaining at any 
point a . disproportionate distension. But, to perceive 
ttik sufficiently, the brain itself must be examined. 

S G 
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lliese uses of the ventricles are most impor^W b^* 
cessary, and as now described, so certainly trne, as, if 
I am not singularly blinded, to require only to be an- 
nounced to gain assent and acknowledgement of every 
unprejudiced inquirer. No physiologist has hitherto, 
I bdieve, even ever ventured to form a conjecture re* 
specting the purposes for which the ventricles V9ere de* 
signed by nature. The demonstrator generally passes 
them over with the observation, that Aey must be of 
some use, as nature never forms any thing in imn» 
That the ventricles may serve, besides those now ex* 
plained, odier purposes at present unknown, is not im« 
probable ; for nature, a rigid economist of her means, 
often accomplishes various ends by the same macliinery. 

* 

VTe have been considering the state of the brain, in 
which its substance is unduly diminished. Let us no- 
dice, ^or a moment, the opposite condition. Litde W8* 
ter will, in this case, find admittance into the ventricles ; 
and tf the substance goes on to augment, the space as- 
signed for the blood-vessels wil be encroaciied' xspda i 
and if the growing proeess continues, sufficient roMft 
for the transmission of blood in proper quiftitity will mft 
be left. I think it ^stremely probable, Aaf some sf til* 
species of apoplexy and of palsy are the consequenee of 
an overgrowth of the substance of the brain. Wfaeii M 
water is found in the ventricles, the^ cHi^tance of ^ 



bimia will ako be oUarved to be unusually firm and 
iolid, allowing little appearance of blood upon being cut 
istOy tnd the vessdb.on its surface slightly. distOBded. 

Am the quantity of blood dietributed to the head may 
hit>$mffiu0if frioni the eahbce of the vesseb wbioh sapply 
tbit i^aarter beiag fixed, to he pearly tbe same, if, from 
an oyergrowth ^ ^lSut brais^ the qoalitity of this blood 
traraimttted ihisaagh 4he encepbaldn be dif^aashed^a 
greater >qiiaiti|y tiiu$t.he seist'to tb^ parts of the head 
•zterieir to Ae eraniAm. Hence that redness of thefiioa 
' and ejf§f wfaiekao Iraqneutly attend great obesity, and 
fAUk is ioofien tbe pre^orsor of the apoplectic stroke# 

In die cases which, in this head of the inqmry, have 
beea aappoaed^ as: well as ia aU the former, it is yiery 
evidenty tM^ the d^straetiou of any quantity of blood 
^pom ^ether parts of liie system, could not diminish the 
qaavtitf of this fluid within die craaium ; and that no 
arterial force directed against the brain cottld, &k an iiii- 
etant, place an additional quantity of this fluid within 
(h^ aame linodts. Some diai^e in the other two con- 
atitnents of die contents of the .cranium: must take |daee 
SfSM^senotisly With any alteration of the quantity of 
blood in the enoqphalon. If^ however, the. substance of 
the brain, or the water in the ventricles, or the blood 
ilwiffhe at all compressible, the quantity of Uood ad- 
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missible into the bead will be affected by efaasges in the 
pressure of the atmosphere. If any, or xht whole of the 
three constituent portions of the enc^halon be compres- 
sible in the way that has been explained, then a greater 
quantity of blood will be contained within the head dur- 
ing a high, than during a Jo w stale of atmospherical 
pressure. It is probable, that the substance of the brain 
is in some degree diminished in bulk, as would happen, 
on the supposition that it was compressible, by an in» 
crease in the weight of the atmosphere ; for,*<n that 
state, an unusual alacrity of mind and activity of body, 
as was long ago pointed out by Boerhaave, are enjoyed ; 
while the contrary affections, both of jubd and body, 
are at all times, I believe, to a certain extent, the con* 
oomitants of a very low state of the barometer, or a very 
light state of the atmosphere* If an increased quantity 
of blood should be admitted into the bted during a higher 
state of atmospherical pressure, the addition would only 
be as much as was necessary for carryiug on its circa- 
lation through the head. 

It may naturally be asked, from . what source is tbe 
water lodged in the ventricles derived^ and how is tfie- 
supply of it so regulated, that it should be' at all times 
equal to, and never more th^n, the' d^and ? ' 
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The water is unquestionably supplied from the'Uood, 
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and is conveyed from those exhalent terminations of thie 
arteries, which, in ordinary circumstances, carry a co* 
loarless watery fluid. The mechanism, by which the 
supply is proportioned to the demand, is a subject of 
considerable intricacy ;• but may, perhaps, be thus ex* 
plained. Let it be supposed, that a certain proportion 
of die substance of the brain has been by some cause or 
other withdrawn, without being replaced by a fresh sup* 
ply ; or, in other words, that the quantity of brain has 
been dindiuished. The place of the portion of brain 
which has been withdrawn must be occupied by some 
other substance ; indeed it could not be withdrawn with- 
out such a substitution being synchronously made. The 
augmentation of the quantity of blood distending the 
blood* vessels, is the direct and immediate manner in 
which the requisite supply of matter is made. But 
when the process is continued, the blood-vessels become 
enlarged to an unnatural degree ; and in that case their 
coats make a resistance to further distension. A force 
is at this time generated by the resistance of the coats 
of the blood-vessels. Supposing that the contents of 
the cranium, as must always be the case,' ateall equally 
subjected to the pressure of the atmosphere, land. that a 
foroe^ generated by the resistance of the coats of the 
blood-vessels, existed, the necessary tendency of. this 
will be, to remove a part of the pressure of the/atmo* 
sphere from ^. rest of the*. contents of the encepfaalon. 



•Wbiit piU be ^ efi^ets of tbia t^c»cy or effort^ wheo 
iqqplied the mouths of the eKhakiits aod ab^orbeats 
ififm^g into the ventricles ? C^rtainlyt to iocrcaae tfw 
disolwge from the former^ aod to dioiinUi the aiKrtiw 
of tbfi^ latter. The aatural. eonseqoeDee bt an apcnmnb^ 
tioiifof water iu the Yentridea) which vUl go on ineDeaa* 
ing» until the force generated by the remting coato of 
tbe y^wels sbaU be removed ; or until that foree ahiJl 
liave been balanqed by an equal feroe, generated b]i; dbe 
isemtance a&rd<ed to farther distension iby die aides of 
ihe veiitricl^* 

U, as may easily be believed to be iJie >eas€w the^easlB 
id the Uoodovessels of the bifaifi .da lat all tioEies 
make some redbtanoe to their cemtenls^ or taid, wilb 
some foreey to diminish their calibre ; in that caae^ as- 
ocording ito the .argument noir mMntaioed^ m cerlani 
quantity of water ought, almost at all times, to be Iraod 
m ihe ventricles of the brain. Henoei die csiatenoe of 
stater in tbe ¥entrieles of the bnaias of persons idtt 
have been cat off in the enjoyment of perCeot.health^and 
tlie cpnatant abswce of adbesioas between the sides of 
iha ventuieleB «of the braioy OMty be ^sflwoed. 

The inquiry has hitherto proceeded on . ikm aepposi^ 
tion that tbe solid ^men^ons of llio*capasily of tja^ ora^' 
UMim are fixed ; but, if k be pursoed under a soppssi^^ 
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tioD of a cbaage in these dlineosiaafls ^Aer ab inereaK 
or dioiigiitiaii of Aem^ a mm and extonsive field opens 
before ne. As I have aineady, I fear, exteodcid tbese re* 
matkato too greatalengA^ lefaall confine the obeervatiotis 
whidi I hai^e to make on this part of the subjecti with- 
in very narrow limits. Any extensive and sodden in« 
crease or dtminntion of the solid dimension of the era 
Dtam most necessarily prove fatal ; as the circjolation of 
the blood most, in diat case, cease before the contents 
of the craninm can be accommodated td the change ; 
but if the enlargement or diminntion of these dimensions 
be gradual and slow, they may take place to a very great 
extent, widiout the destroction of life. 

The most freqtrent instances of the undue enlarge- 
ment of the cranium occur in infancy. When explain- 
ing the structure of the cranium, it was observed, thai 
it was constructed of several bones firmly united.- Id 
in&ntey, it frequently happens that the bones are only 
united by a membraneous substance, not yet in a state 
of ossification. This membrane^ from various causes^ 
is liable to rapture or distension ; the bones are sepa<> 
rated, and the dimension of the* head consequently en-- 
larged. To this imperfection of the er(mia of infants* 
nmy, I think, be traced die great irreguknrities in the- 
dredaXion, and the numerous diseases of' the head, tdP 
vAieh that ageh peculiariy HaMe'. If dte sheH' oi ^t 
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cranium give way:» and tbe dimensions of it become en« 
larged in the manner 9uppo8ed, the same appearaace^ 
will take place within tbe head as were, stated to, occur 
under a supposition of a diminution or waste of tbe sub* 
stance of the brain. The proportions between the c0d- 
stituent portions of the contents of die cranium, lU'e al- 
tered in the same way, though from a different cause. 
To give to the contents of the cranium that degree of 
pressure which is necessary for carrying on the circula* 
tion of the blood through them, in tbe manner that has 
been explained, water becomes accumulated in the ven« 
tricles. The blood-vessels of the encephalon at the same 
time are gorged, and the substance of tbe brain, though 
undiminished, becomes soft and flaccid, in consequeuce 
of the distension of the blood-vessels running through 
it. This is one of the species of that frequent disease, 
improperly termed hydrocephalus, or water in the head i 
for it evidently is not the water, but tbe enlarged capacity 
of the cranium, which is the cause of the malady. It 
is the collection of water in the ventricles which, in 
these circumstances, places the blood in the head io a 
state to be influenced by the powers employed for its 
circulation. The evident remedy for this disease, is to 
supply the imperfections of the cranium, and to reduce 
its capacity to its natural and healthy dimensions. Ac- 
cordingly, Sir Gilbert Blane, physician to his late Ma« 
jesty, having observed that the disease termed water in^ 
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Cbe Iiead was always aooompanied by a large breg(na> 
er what is railed an open in the lop of tbe bead, sagaei*- 
OQsly condndedy that the disease in quesUon was^ in 
some degree at least, attributable to the want of com- 
plete ossification of the craninoi, and boldly attempted 
to smyfiy the deficiency by art. This he accomplished 
by the very am[de means of compressing tbe bead by a 
bandage* The eflfect of the treatment has been wonder- 
ful. It has not only been successful in this eminent 
physician's own hands ; but we every day witness and 
hear of this disease, which two years ago was deemed 
incurable, completely removed by this simple, easy, and 
xiataral process. It may not be impertinent, perhaps, 
to remark, that several years ago, and sometime before 
the appearance of Sir Gilbert Blane's paper, I was led 
to the same treatment, in consequence of the views I 
had taken of tbe causes of the circulation of the blood 
in the bead. At this time I was desired to visit a child 
two months old, a patient of Mr. Reay, surgeon, of this 
place. The disease with which the child was affected, 
^as what is usually termed hydrocephalus externus, 
and had advanced so far as to leave, in the mind of that 
'experienced practitioner and myself, no hopes of its re- 
covery. The head was greatly enlarged, and increas- 
ing daily ; a fluctuation was distinctly felt between the 
parietal and occipital bones ; the child was i^ected with 
coma. The bringing together the too far separated bones 
Q H 



of the head by gentle pressure, aud retaiaing them ia 
that situation by a bandage, was proposed ; and the pro- 
posal was readily acceded to by Mr. Reay, who also ap- 
plied the bandage. The effect of the treatment was sur- 
prising. After the first application of the bandagey 
which was daily renewed, the unpleasant symptoms 
began to disappear, and the child advanced, without io* 
terruption, to a state of perfect health, in which it at 
this day remains. 

Fears may be entertained against this practice, lest 
injury be given by it to the tender structure of the brain 
But it must be remembered that the brain, at the time, 
is in a state of over«-distention, and that the pressure is 
only calculated to restore it to the easy condition that is 
natural to it. That the brain, in early infancy, may be 
compressed without injury to life, we have sufficient 
proof, from the practice of various tribes of Indians, 
who compress the heads of their infants into a varietj 
of forms, conformable to the false taste of beauty pre- 
valent among them. It is never to be supposed, how- 
ever, that this remedy is to be applied without the cau- 
tion which an acquaintance with the subject will not fail 
to supply. 

There is still another state in which the ratio, be- 
tween the brain and the capacity of the cranium may be 
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deranged so as to give rise to disease. Though the os* 
sificattoQ of the cranium be complete, its capacity con- 
tinues to enlarge, and this it may he supposed to do in 
a quicker ratio than that in which the brain is augment- 
ed* If such a condition ever takes place, it would ac- 
count for those cases of hydrocephalus which occur after 
the age of infancy, and after the ossification of the era. 
nium has been completed. In such cases, the remedy 
proposed by Sir Gilbert Blane would evidently be in- 
applicable. When the cavity of the cranium is dimin- 
ished by a thickening of the skull, or by any other 
means, the encephalon will be placed, in a situation, sim- 
ilar to that in which it is when the substance of the brain 
exists in too great a quantity, and therefore requires no 
farther description. 

The proceeding view, of the circulation of the blood 
in the head, was published originally in the *' Edinburgh 
Medical and Surgical Journal,*' and is now printed with- 
out any alteration from that work. The following re- 
marks may contribute to the further elucidation of the 
snlgeet. 

The contents of the cranium may be divided into four 
constituent parts. 1. The parenchymatous substance 
of the brain including the nerves. 2. The arteries and 
veins, to wMch may be added the membranes. 3. The 
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ventricles of the bmo. 4« The sinuflesu On the somid 
state of these constitoents, and on the proportion wfaidi 
thejr bear in respect of quantity to each other, will the 
healtbiy state of the head in a great measure depend. 
It has been stated that a frequent cause of apoplexy, is, 
an overgrown state of the substance of the brain ; or 
an undue proportion of the parenchymatous part of the 
contents of the cranium. The manner in which this 
effect is supposed to be produced, has been already ex^ 
plained. 

When the sobstance of the brain, on the oAenhand, is 
dafictenk, as will happenin cases of grtet enwciatien, the 
space abandoned by this deficiracy must be oeoupied by 
some of the other constituents of the encephalon^ which 
will be increased in quantity for that purpose. The part 
of tiiose constituents, which are capri>le of bsii^ ang- 
menfeed,. are the blood vessels and the ventrides* One 
of these constiuents, or botii of them, will neoessacify 
b» ac^fmented when the substance of the brain is dimin- 
ished. Henee aa emaciated state, if I mi^ so call it» 
of the brain, will be accompanied widi an unusually 
large quantity of water in the ventricles, or an unnsual 
tufgldifey of the vessels of the head ; or, what^ it is sup- 
posed^ will generally be the'case, both of these cffiselsy 
win to a certatn.extent tdke place* A diktation of the 
blood-vessels^ when, it takes pbce^ will bebng chiefiy 
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to the vieins, m these vessels are more dilatable than the 
arteries ; and as the action of the arteries tends to pre* 
serve to them a more equal calibre. The conseqaenoe 
will be an mcreased quanti ty of blood in the head ; but 
the aobstanoe of the brain will not, in consequence of 
that, in the state supposed, sustain any undue compresv 
ston. As the qnantity of blood transmitted through the 
head in a< given time, may be supposed to be the same ; 
the whole quantity of blood, in this increase of it, will 
not be changed so frequently as when that quantity ia 
less. A morbid condition will be the eflfect of this re- 
mora of blood in the head. Hence may arise that lan- 
guor ami, want of activity, both corporeal and mental, 
wfaidi so often accompany an emaciated frame. 

I. the water contamed in the ventricles chaDged? Or, 
does it continfue the same ? The pellucid and inoffen* 
sire state of the water in the ventricles, manifested upoik 
openiiig the head immediately after death, and the sen- 
sible qualities of substances taken into the circulation, 
bemg in a short dme discoverable in the water of the 
veotrieles, would appear to prove that this fluid is con- 
stantly changing. It is reasonable to supposOf that this 
change wouM, as in the case of the blood, be completed 
more speedily when the quantity is small, than ^efn it 
is in great abundance. A longer delay of this fluid in 
tbfe^ vsiitoMes would be aooompanied with a dumg^ in 
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its qualitiesi which it is reasonable to suppose might be 
deleterious. Morbid effects, would naturally accrue from 
such a change in the contents of the ventricles. 

The water in the ventricles may be in undue quanti- 
ty, while the parenchymatQUs part of the contents of the 
encephalon is not diminished. To admit of an increase 
of water in the ventricles in this case, the quantity of 
blood must be diminished. The space allowed for the 
occupation of the blood-vessels must be encroached upon. 
The same effects will arise from this state as were ob- 
served to be produced by an overgrowth of the sab* 
stance of the brain. Apoplexy, coma, convulsions, and 
that disease called hydrocephalus iuternus^ are the con- 
sequences of this erroneous distribution of the contents 
of the cranium. Some of the morbid effects of this con- 
dition, may be attributable to the deleterious quality of 
the contents of the ventricles, occasioned by the remora 
of the same fluid in them, for too long a space; 

As there are no absorbents in the brain, the water in 
the ventricles must be renewed, by the absorbent proper* 
ty of the veins. The water in the ventricles, in this 
view of the case^ constitute a part of the circulation of 
the head* 

As the relative proportions between the consdtaents 
of the head are liable tochangei the indispensable use of the 
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ventricles of the braiD is rendered evident. By the in« 
crease or diminution of the water of the ventricles in- 
versely as the other constituents may increase or dimin- 
ish, the relative position of all the parts of the head is 
preserved under varying circumstances, and every part 
of the contents, however slender, protected from une- 
qual straining and rupture. The water of the ventricles 
varying in quantity as the other contents of the head vary, 
is as necessary for the protection of the easily lacerated 
substances of the encephalon, as the cranium itself. 
Without the contrivance of the ventricles, the blood could 
not be circulated in the head, if the parenchymatous 
part of the constituents of the encephalon, were at all sub- 
ject to increase or diminution. Nature has so placed 
and shaped the ventricles of the brain, that by their ex* 
pansion or diminution inversely as the other parts of the 
head expand or diminish, the relative position of all the 
parts is preserved. 

Cionsidering the bulk of the mass of which the brain 
is composed and its consistence, it appears surprising 
that the blood could be circulated through it by any means 
whatever. This indeed would be impossible were the 
brain placed in any other condition than that in which it 
is* No power could circulate the blood through it, were 
it not placed in the cranium. The strongest vessels be- 
longing to the head would be ruptured by a far weaker pow- 
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er than tbat which would be rtqoired to propel ibe blood 
through it in any other situation. Bat as it is, die 
brain is uniformly held in a fixed state of expansioD ; 
andy of coarse^ every vessel which passes through it, or 
which runs upon its surfiuse, or which is placed any where 
within the CFanium, has a fixed space allotted to it, whidi 
as long as die cranium is sound can never he increased 
by any propeUing force, nor, without a diange in some 
other constituent, incroached upon by the surroundiog 
matter* The vessels of the head are in the situation of 
rigid tubes. No power is expended in dilating the ves- 
sels of the head. The only obstacles which the heart 
has to overcome, in transmitting blood through the head, 
are friction and gravity. The resistance derived from 
the first cause must at all times be consideraUe ; and 
when gravity is added to it, more in many cases than 
Ae heart can overcome. In dyspepsia in that state of ex- 
haustion that follows the too free indulgence in wine, in 
a hemorrhage, alvine fluxes, and in the sudden change from 
^ recumbent to the erect position, particuhrly during 
the influence of the preceding diseases ; giddiness of the 
bead, faintings, stammering in the speech, and tottering 
walk take place. These affections are often taken as in- 
dications of too great a fulness of the head, and blee£flg 
is improperly had recourse to, which only aggravates 
the disease it is intended to remove* The patient often 
fiaints, and in that situation the obstacle of gravity whioby 
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ia the erect posture, the heart had to overcomet as well 
aa friction, is remoyed } and, so by the renewal of the 
circulation through the head, the fainting ceases, which 
otherwise might end in death. Affections of the mind 
would seem to have the effect of retarding the passage 
of the blood through the^head, or of weakening the pow- 
er of the heart. The sense of shame is accompanied 
with a flushing of the face. This appearance has been 
improperly attributed to the action of the capillaries of 
the face, and held as a proof of their influence in circuf 
lating the blood. But the true cause is the difficulty 
which the blood meets with in passing through the en« 
cephalon ; the usual quantity is not transmitted through 
it ; of course an increased quantity takes the external 
course and distends the iressels of the face and neck. 
To the same cause may be attributed the flushings which 
occasionaly assail the cheeks in the last stages of typhus 
fever, in hydrocephalus internus, &c. These flushings 
are, in the diseases that have been stated, the frequent 
concomitants of convulsions and other distressing affec- 
tions of the head. They prove that the powers assigned 
for the circulation of the blood through the head have 
become unequal to the task. These flusings are often 
considered as a proof of too vehement a circulation of 
the blood, and of a determination of it to the head ; an4 
bleeding is had recourse to, which increases the malady* 
It frequently happens that patients in typhus fever are 
«i 
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lost by wine and other Btimulants being witbheldy in con« 
sequence of the flashing of the face being taken as a 
proof of too great a force of the circulation of the head, 
which it is supposed wine would augment. 

That species of inflammation which is characterised in 
other parts of the body by redness and tumor and which 
ends in resolution, suppuration, or gangrene, can 
scarcely be admitted to take place in the brain. Tbeinflam* 
mation to which the encephalon is subject, would appear 
to arise from the increased rapidity of a stream of 
blood, the stimulant qualities of which are augmented, at 
the same time that the sensibilty of the brain is increased. 
In such a case the most excruciating pain and outragi- 
ous delirium would be the consequence, which could not 
continue long without exhausting the irritability and 
ending in death. The evident means of subduing this 
disease, is to diminish the force and rapidity of the cir- 
culation by profuse bleeding, and by such regimen and 
medicines, as are calculated to diminish the stimulant 
qualities of the blood and the morbid sensibility of the 
system. 

Though in my opinion, there can exist no general ac- 
cumulation of blood in the head, or no increased deter* 
piination of it to that quarter, by which I suppose is 
meant^ a greater fulness of all the vessels of the head, 
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it 16 quite possible that the distribution of the fluids in 
the head may, from certain unknown causes be unequal* 
Th^re may be a morbid accumulation of blood in 
one part of the encephaloui which must be made at the 
expence of an equal quantity in some other part. Hence 
may arise a long train of painful, incapacitating, and in- 
curable diseases. 

Diseased changes may take place in the substance of 
the brain itself, and be altogether undiscoverable on dis- 
section* When such changes do take place, we are 
equally ignorant of their causes, manifestations, and con- 
sequences. 

I have stated that the sinuses form a fourth division 
of the contents of the cranium. As these vessels are 
necessarily at all times of the same capacity, and always 
contain the same quantity of blood, no deviations from 
the healthy state in other parts of the brain, can effect 
Ifaem^ excepting so far as the velocity of the current they 
inclose is influenced. The coats of the sinuses are, like 
every other part of the body, subject to disease. Ob- 
structions may occur in the sinuses themselves, which 
would necessarily have a great influence over the circu- 
lation of the blood in the head. Two young men each 
about 92 years of age died widiiu a few months of each 
othefy in Liverpool, with symptoms, of water on the 
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the only or diief use of the liver^ for its mze is ^aite 
disproportionate to such an office. Besides^ the secretion 
of bile is not found in all animals that are supplied with 
a liver. The horse has a liver, but is without a gall 
bhidder, or secretion of bile. 

Tlie blood which is returned to the heart from the 
middle and lower parts of the body, is collected before 
it reaches the heart, into two large channels. That which 
is supplied by the lower extremities, or what may be 
termed the solid parts of the lower half of the body, is 
collected from numerous branches into the vena cava 
abdominalis, and is conveyed directly to the heart. The 
blood which is returned from the abdominal viscera, 
from the stomachi namely, the alimentary canal, spleen, 
mesentery, &c., is conveyed by numerous vessels which 
unite into larger ones as they proceed, and at last form 
one trunk called the vena portarum. The blood, in- 
instead of flowing in an undivided stream after the ve- 
nous form to the heart, is distributed first into every the 
most minute part of the substance of the liver. For this 
distribution it is necessary that the vein should ramify 
after the arterial manner. Before it penetrates the 
liver, it divides into several smaller trunks, which 
taking difierent directions, become infinitely ramified, till 
the whole of the substance of tl^ organ is supplied by 
them. It has been supposed by some physiologists; 
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that die vena portarunit upon entering the liver takes 
on the etructare, and performs the f unctionsy of an arte* 
rj. Bot this does not appear to be the case. The di- 
vergent form of the vena portarum, does not arise from 
the same cause which produces that form in arteries. 
When a fluid is discharged from any point, by a force 
impelled upon it at that point, it has a tendency to di- 
verge ; and if it is contained in tubes, it tends to occa- 
sion a rami6cation in these tubes. The arterial ramifi- 
cation may therefore be in some degree considered as 
the natural effect of the impulse given to the blood by 
the heart. Less force will be required to transmit the 
blood in vessels of the arterial form, as the fluid is 
conveyed in a way that is more conformable to the di- 
rection which projected fluids naturally take. 

The liver is composed of small cells or receptacles^ 
containing blood, and of vessels either for the supply or 
discharge of these receptacles. It is a reservoir of fixed 
dimensions, containing an infinite number of smaller 
reservoirs, the dimensions of which must also be fixed* 

Each of the smallest of these reservoirs is supplied 
from a branch of the vena portarum, and from each of 
these reservoirs a discharging branch proceeds. These 
discharging branches being emptied by a power which is 
centripetal^ the suction of the heart, naturally converge 
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into larger streams^ which unitingy form the vena cava 
hepatica* 

No blood can enter the liver from the vena portarum 
until an equal quantity shall have been taken from it 
by the vena cava hepatica. And, vice versa^ no blood 
can be taken from the liver by the vena cava hepatica, 
until an equal quantity shall have been admitted into it 
from the vena portarum. The demands of the vena 
cava hepatica are regulated by those of the heart* 

When any part of the body increases from growth, 
the first rudiment of that increase is supplied by an ar- 
tery* When the liver increases in the same manner, 
that increase is the product of a branch of the hepatic 
artery, but when one of the infinitely minute cells or 
folicles of which the liver is formed, is made, the cdl 
obtains a supply of blood from the vena portarum* Blood 
is sucked by the cell from the nearest receptacle of the 
vena portarum, and thus an extension or new branch of 
that vessel is produced* The ramification of the arterial 
system, is the effect of an agency in which the arterj 
performs an active part ; the ramification of the vena 
portarum is the result of an agency, in which that vein 
is passive. 

Of the purposes which may be served by the liver, 
several seem to present themselves* In the first place, 
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k may serve as a reaervoir to supply the demands of 
the heart. Its proximity to the heart would appear to 
fit it well for this office. In some animals the liver is 
inqch larger than in others, compared with the balk of 
the body. In birds» this is the case in a remarkable de« 
pee. In this animal» its form also is diflPerent. It lies 
as mneh in the left side as in the right. It is oootigu* 
ous to the heart. This animal has no diaphragm, the 
use of this organ being supplied by the breast bone. The 
heart is lodged in a cavity formed by a depression of 
the liver below, and by a corresponding depression in 
the breast bone above. The dimensions of this cavity 
are invariable. Hence it happens, that whep the ven- 
trides ci the heart con|Tact, the auricles necessarily be- 
CQme to the same extent expanded, to fill the space left 
by the diminished ventrides. When again the ven- 
tricles dilate, in consequence of the expansion which ae- 
cessarily, as has been explained, accompanies dilatation, 
die blood flows into the ventricles from the auricles, ia 
consequence of the diminished resistance it meets with 
in duit direction, and also of the impulse of the con- 
tracting auricles. It is in consequence of this position 
of the hearts of birds, that elastic lungs are not required 
to produce the expansion of the heart. As the hearts 
of birds may not on account of the want of elastic lungs 
have so atrong a suction power as the hearts of the 
vammaliai who are provided with suefa lungs, a larger 
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reserroir is provided in the liven It is ehiefly hem 
Ais faontain that the heart of birds have to draw thtiir 
•opplies* The heart of a bird may almost be supposed 
firom its position, to be an appendage of the liver. The 
liver from ibis view most in ail animals, but in partieo^ 
hr in birds, afford great aid to the heart. It may be 
asked, by what power is the liver supplied with blood ? 
I answer, by gravity. In the same manner that any 
porous and incompressible substance deposited in die 
earth is filled with water. The liver is a well from which 
the heart pumps a great part of its supplies. 

' Another purpose which the passing of the blood through 
ihe vena portarum may serve, may be the retardation of 
the blood returning from the abdominal viscera. As 
the part of the circulation occupied by the abdominal 
viscera is shorter than that which includes the lower ex« 
tremities, the blood which supplies the viscera would be 
returned to the heart more frequently than that which is 
oonveyed in the abdominal cava from the extremities* 
To give an equal return to] the blood in each part, a 
Mnwe circuitous course would seem to be required by 
this circulation, without which it would be shorter and 
more frequently performed. 

It is probable, that the blood, during its delay in the 
'iver, may undergo some changes, which may fit it hir 
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nomj. A part of it may be rendered more ready to at* 
smne the gaseous form, from a slight diminution of pre»- 
surei and by that means serve to regulate the heat of 
the system, in a way that will be afterwards explained* 

It is evident, from all that has been stated, that the 
liver must maintain an extensive influence over the living 
system } that any derangement or imperfection in iti 
fttnetions must be attended with the most important eS- 
fects ; and that if the fabric and functions of the liver ace 
impaired, the health of the system cannot long subsist* 

In the Thesis, which I published at Edinburgh, in 
year 1799) and of which a repaint will be found at the 
eod of this work, the causes to which the expansion oi 
the human heart were attributed, are the same as those 
which are now assigned to the expansion of the heart of 
birds. It was contended that the human heart had cer*' 
tain dimensions assigned to it ; that it at all times neces- 
sarily filled those dimensions ; and that when one part of 
the heart was diminished by contraction, another part was 
enlarged to a proportional extent* The causes whidi I 
stated for this condition of the heart, did not at tbe<time 
appear very satisfactory, but as I was satisfied that some 
power existed for dilating the heart, different from that 
usually asigned for that purpose, the force of the blood 
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in tbe veitis^ I adopted them as the lest I could find* I 
bad not tbeo^ nor for many years after^ any notion of the 
olastieity of the langs, nor jof the purpose to wfaieh that 
elasticity was applicable. Neither did I conci^itre that tbe 
heart by simple relaxation of its fibres^ became dilated in 
consequence of its spherical form, and of the circular di- 
rection of its musculo tendinous fibres. The reasoning 
«ned in the thesis, though not applicable to the human 
heart in a healthy state, is nevertheless true with resfieot 
to it in some states of disease. When the elasticity of 
the lungs is impaired or destroyed, as in the case of their 
beeoming a solid inelastic mass from scrofula, adhesi<Mi8 
take place between the pleura pulmonalis and pleura cos* 
talis; and between the pleura pulmonalis and the mediasti* 
waxa and diaphragm, walling in a space of fixed dimen* 
ttioos for the heart. The human heart is then in tbe 
aame condition with that of a bird, and the expansion or 
tontraction are occasioned aftet the same numoer. Xi£i 
is in this way continued, in consequence of the wonder- 
fid power, diat the living system possesses of adaptiug it^ 
togaos to the changes produced by disease. We ought 
Aerefore to be very cautious in adopting any explaoa* 
lioti of the phenomena of life» which may be suggested 
by ttpptaraim» supplied by disease. 
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Vft fthidl now attempt to deduce 8<mie of the most 
hnpoitant pbenomeDSt exhibited by the aniiti&l ftaxA^^ 
from the principles which are supposed to have beeft 
established in the preoeeding Inqnir j« 

A temafkable phenomenon^ connected with the drcu- 
ladon of the bloody is exhibited in the vacuity of the at* 
terieb after death. 

The Har?eian Doctrine of the circnktion of the blood, 
may, I think, be divided in two parts. The first is the 
course of the blood ; the second the explanation of 
the causes by which it is moved in that course. The 
irgilaients advanced by Dr. Harvey on the first of these 
points, the course of the blood, must, I think, convince 
«very candid inquirer that the Uood is conveyed from 
the heart by the arteries, and returned Co it again by 
the Teinsi But the illustrious di^overer has not been 
so fortunate in the second part of bis great undertak- 
ibgk In maintaining that the projectile power of ti^e 
vtetrides of the htert propels the blood through thl^ 
whole of the arterial and venous canals, and, after having 
disehaMged &is <^ce, open* the lioricular chambers hy 
tif the rttmned WcK>d^ he Imyii daim to effeeti 
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which ar« DOt warranted from the supposed caases^ and 
which are inconsistent with the established laws of by- 

r 

drostatics ; laws by which the blood, as well as every 
other fluid, must be governed. But this part of the doc- 
trine of Harvey, admitting it to be philosophically cor* 
rect, must be rejected in its present application as af- 
fording no satisfactory solution of the phenomena* The 
followers of Harvey, adopting as a foundation for their 
argument his doctrine of a vis a tergo^ have enlisted tbe 
arteries into the aid of the heart, and contended that 
the blood is circulated by the combined agency of these 
powers. But the difficulty is not removed by the sup* 
position ; it is only placed a little further on in the sys- 
tem, and the phenomena are not better explained. 

It has often created surprise that a doctrine so simple 
in appearance as the circulation of blood, and pointed out 
so plainly as we now suppose by facts of daily occur- 
rence, should have been reserved for the discovery of 
modern times. The knowledge of the circulation seems 
to have been retarded by one remarkable phenomenon. 
The arteries which are now known to constitute the 
channel of the blood for one half of its course, were uni* 
formly found to be devoid of that fluid after death* 
That vessels in which no blood was to be found by ^e 
most careful examination after death, should be thaeoiij» 
stant receptacles of it during life, would be a supposition 
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that would scarcely suggest itself to the anatomist, and 
if suggested would soon be rejected from the list of pro- 
bable conjectures. The arteries were supposed to be 
the recipients of a vital aerial fluid. One fact of fre« 
qoent occurrence seemed to be at variance with this be-* 
lief ; and, if the effects of it had not been defeated by an 
hypothesis, it must, we would suppose, have led to the 
truth. An artery, when wounded, was constantly ob- 
served to discharge blood from the living frame. But 
the ancient physiologists, unwilling perhaps to degrade 
the arteries from what they conceived to be their more 
refined office, and conceiving it impossible, that if these 
vessels contained blood during life, that they could be 
deprived of it by death, contended that the discharge 
of blood from a wounded artery was no proof that that 
vessel contained any blood before it was wounded ; but 
that the pain and irritation given by the wound drew 
blood from other quarters into a vessel which contained 
none before ; and that the impetuosity and obstinacy of 
the discharge arose from the conflict between this foreign 
intruder and the native aerial spirit. What gave greater 
plausibility to this supposition was, that the blood shed 
by the arteries being of a different colour from that.dis* 
charged from the veins, seemed to be not the natural 
product of the body, but the factitious result of this im- 
agined conflict. 



The condition of the arteries after 4eatb wim vrged 
confidently by the opponents of Uarrey i^ an insnper- 
able objection to the doptrine of the circolation, upon iti 
first promulgation ; and was unquestionably one of the 
greatest obstacles found in the path of the discoverer. 
And» after ally the explanation given by this celebrated 
man of the powers by the operation of which the arteri^ 
are found to be empty after death, is most unsatisfactorjf. 
He says that the left ventricle, in the last struggles of 
life, continues to propel, after it has ceased to receive, 
blood ; and that, by these final propulsions, the blood at 
the time in the arteries is chased into the veins ; f^nd b0 
further asserts, in support of this explanation, that tliQ 
arteries of animals which have been killed by stdbmeriMoa 
in cold water or by mephytic air, will be found to contain 
blood after death as well as the veins. But there cap 
be nothing more evident, than that the heart, by the9e 
abortive impulses, could only drive blood throqgh the 
more remote portions of the arterial system by some im- 
pinged medium i and that this medium, which, upon the 
hypothesis of Dr. Harvey, could only be blood, ffiiist 
still remain in the arteries* But defective as this ^^ 
plimation is, it has the further imperfection of beio^ 
built upon an hypothesis that is altogether destitpt^ (4 
proof. Ihis hypothesis is, that the heiBtrt contiBne30 
propel after it has ceased to receive blood* T)l^ Ul^ 
cm the contrary, is generally found full of blood after 
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death. The conversej therefore^ of what is maintained 
by Dr. Harvey, would appear to be the truth, that the 
heart retained the capacity of receiving blood, after it 
had lost the power of discharging it. The statement 
also by which Dr. Harvey has supported his opinion, 
has not been confirmed by observation. 

Dr. Harvey has endeavoured to support his opinion, 
by instances of sudden death. But in almost all kinds 
of death, however sudden, the arteries are found to be 
equally empty of blood with the arteries of animals cut 
off by lingering disease. The arteries of animals killed 
by drowning, are found to be full of blood. But this 
effect is not occasioned by the suddenness of the death, 
by which the power of the heart to empty the arteries 
by the last contractions, was supposed by Dr. Harvey, 
to be destroyed ; but to other causes which will be sta- 
ted in the sequel. — In deaths far more sudden than that 
occasioned by drowning, the arteries are found to be 
empty after death. 

No new light has been thrown upon this subject by 
the followers of Harvey ; and in general it may be ob- 
served that after the lapse of twb centuries, and though 
a thousand volumes have been written, and thousands 
of animals slaughtered, to elucidate the subject, the doc- 
trine of the circulation has descended to our times nearly 
2l 



in the same state in wbich it came from the bauds of 
the great discoverer. 

The complete failure of every attempt to explain this 
phenomenon, as well as many others connected with the 
circulation, has driven the followers of Harvey to the 
unphilosopbical conclusioa, that the motion of the blood 
is exempted from those laws, to which the hand of the 
Creator has subjected the motion of all other material 
substances. This inauspicious opinion originated, I be- 
lieve, with the learned and ingenious and pious Dr. 
Hales, and was suggested to him by the result of bis 
valuable experiments to ascertain the relative forces of 
the blood in the arterial and venous canals. Recom- 
mended by the great authority of its origin, and afford- 
ing in many instances a pleasing apology for ignoraace, 
it soon received numerous adherents, and has at length 
become so general that, since the days of Mr. Hunter, 
the language of the schools on this subject may be said 
to be, that it is in vain to apply the laws of hydrostatics 
to the motion of the blood, a living fluid flowing in 
living tubes. Physical investigation as applied to this 
subject, is termed by Sir Gilbert Blane, the vain parade 
of a science foreign to medicine. Mr. Lawrence who 
in other respects may be allowed the character of 
** nuUiiis in verba jurari magistri^^* has in this instance 
joined in the general cry, and as usual brought forward 
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in coufirnrntion of the opinion the noted discrepaucy ..be-, 
tween the estimates of the power of the- heart made hy^ 
the celebrated mathematiciansi Borelli and !lLeiL Mr. 
Charles Bell in, a recent publication which he has ternn- 
ed a Treatise on the Cirqulation of the Blood, but for 
what reason he has given it that title, I confess myself 
unable to discover, says, that the only use of mechani- 
cal philosophy to the student of medicine, is to convince 
him upon bis entrance into the dissection -room, where 
alone, according to this Gentleman, nature appears in 
all her beauty, that he has new principles and new laws 
to learn« But no two physiologists agree in their de* 
scription of those new laws ; and, in this state of re- 
volution and of anarchy, each enjoys the happy privilege 
of forming a code agreeably to his own fancy. 

Mr. George Ker, an ingenious and learned surgeon, 
in Aberdeen, has taken a different course. He cuts the 
knot which he is unable to untie. Perceiving distinctly 
the defective and inapplicable explication of this phe- 
nomenon, the vacuity of the arteries after death, and of 
many others which he has stated, and biassed no doubt 
by ap avowed persuasion in th« infallibility of the ge- 
nius of antiquity, in all its applications, has, in a recent 
publication boldly denied the doctrine of the circulation 
altogether, and with great ingenuity, earnestness and 
ctm&den^f defended the opinions of . the ancient physi- 
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ologists respecting the locatioa of the blood in the liv- 
ing system, and the uses oif the arterial tabes. Tbis 
author farther maintains, that not only has physiology 
or medical science, taken a retrograde coarse since the 
dajrs of Dr. Harvey, but that the healing art, wfaidi, if 
the doctrine in question had been troe, must have been 
notoriously advanced by it, cannot boast of having re^ 
ceived any great and conspicuous improvement from 
tliat source, but in many instances has been involved id 
greater obscurity, and rendered less certain and efficient 
by the long predominancy of a false doctrine. 

The objections urged by Mr. Ker against the circa- 
lation had been stated by myself as objections, not 
against the doctrine of the circulation itself, which I be- 
lieve to be founded on a basis never to be shaken, but 
ih refutation of the causes assigned for the accomplish- 
ment of that effect, at least two years before the appear* 
ance of IVfr. Ker*s work, but unquestionably without 
tie knowledge of that gentleman. 

The causes which, in that Treatise, I have ventared 
to assign to the motion of the blood, will, in process of 
tinae, I trust, be found to have a real eadstenoe in nature ; 
to afford a plain and satisfactory explication of the va- 
rious phenomena, to answer fully all Mr. Ker's ob- 
jections, and, in a word, to vindicate a theory, wUeh 
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does 90 mudii honour to our country, from all future op* 
position, and from the more baneful support which it 
has lately received from many of its abettors. 

The objection principally dwelt upon by Mr. Ker, the 
emptiness of the arteries after death, did not pass un- 
noticed, as may be seen on reference to the Inquiry into 
the causes of the motion of the blood, but as I had not 
then had an opportunity of submitting my opinions on 
that point to the test of experiment, 1 did not state them 
with that confidence which I even then felt in their truth. 
I have lately had 'that opportunity, and I now propose 
to state the result, premising the process of reasoning 
by which I was guided in that experiment. 

The chief, if not the whole, of the movements of the 
animal machine seem to be the effect of two powers 
actii^ either conjunctly or separately. These are elas- 
ticity and irritability. The elasticity of the parts which 
possess this property is inherent in the structure, and is 
independant of life. Irritability, which is the property 
of the muscular substance, is the concomitant of life, 
and ceases with it. The movements, which are the usual 
result of a combination of those powers, will not wholly 
cease at death* The elasticity will still continue to op^* 
erate ; and the result will be different, either from that 
wfaidh ivould he produced by their combined agency, or 
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from that which iroald arise from their synehroiiODS 4e- 
8truction. 

The motion of the blood seems to be the result of the 
contraotioDS arising from the irritabilitjr of the h^furt and 
arteries, and of the resilience arising from the elasl^f ity 
of the arteries and of the looga. One class only of tk^^ 
powers is destroyed by death. The resiKence of} ^ 
lungs and of the coats of the arteries possess ifaen sd 
uncontrouled operation. 

The resilience of the lungs removes a part of th^ 
pressure of the atmosphere from the internal surface of 
the chest, and perhaps from the external surface of the 
vessels by which they are penetrated. To restore to the 
parts within the chest an equality of pressure with that 
of the substances without it, the adjoiuiog liquid aqd 
less fixed parts of the body . will be pressed thr^gb 
every channel that offers into the chest. What is ealM 
a vacuum will in effect he made in the chest by tiw 
elasticity of the lungs. There will therefore be a drain- 
ing from all parts of the body towards the chest, to fill 
up this vacuum. As thus the causes which return the 
blood to the heart continue to operate, after the hearty 
t>« great engine by which it is disdiarged» has terini^ 
nated its labour, a greater quanti^ of blood will be pa^ 
eesnarily cotteded in the neighbourhood of jdi^jiear^ 
after death than existed there before that event. 
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' Various oircutnstances may^ intervene to 6x the chan- 
nels in which the blood will flow in its course towards 
the heart after death. The arteries are powerfully elas- 
tic, and when their coats are relieved from the distend- 
ing^ force of the heart, become of a diminished calibefi 
Valves stationed at the roots of the arteries prevent the 
fetfirn of blood from these vessels into the chest* After 
the small part of the aortic system intervening between 
the heart and the confines of the chest shall have beeo^ 
as it usually is found to be, filled with blood, the blood 
in the rest of this system will sustain no diminution of 
pressure on the side of the heart. 

No obstacle exists in the way of the blood in its course 
to the chest through the veins. No valves are stationed 
at the roots of these vessels, and the blood finds an uo« 
obstructed coarse from the roots of the cava into the 
auricle, from that possibly into the right ventricle and 
into the pulmonary arteries and thence into the pulmo. 
nary veins. The heart, particularly the auricles, and 
the large venous trunks, the coats of which being ine^ 
lastie and easily dilatable, being all placed within what 
may be called the vacuum of the chest, will be distend- 
ed to their utmost capacity. The additional blood re- 
quisite for this purpose can only be drawn from the 
v^ns. The place of the blood taken from- one part of 
thte veitods system wiH be supplied by that from anotbep. 
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The termination of this process will be the emptying of 
the arteries into the veins. 

If the proceeding argument be correct and fonnded 
upon true principles, it would follow that, were the elas- 
tic powers employed in the motion of the blood disen- 
gUged before the muscular powers has ceased to act, or 
synchronously with that event, a distribution of the 
blood would be found to exist after death, different from 
that which is now usually observed. The blood would 
not be found so extraordinarily accumulated in the right 
auricle, and in all the veins belonging to the system of 
the cava within the chest, and at the approaches to it, 
and the arteries and capillary vessels would contt^in the 
proportion which, upon the supposition of the Harveiaa 
theory, must have flowed in them before death. 1 have 
not been able to devise any method of annihilating be* 
fore death the elastic influence of the arteries, and there- 
fore some allowance must be made in the phenomena 
which are to be brought into view for that cause } but 
1 have be^en successful in removing from all influence 
after death the elastic power of the lungs, by far the 
mofet efficient, by the manner in which the animals were 
killed in the following experiments. Death was in these 
cases effected by inducing a previous collapse of the 
lungs, which was done by making openings into the 
chest of the living animal, and exposing the external 
surface of its lungs to the free access of the air« 
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In ^6 first experiments made with tbis intention, an 
opening was made of about an incb in length between 
a pair of the ribs on each side. I expected that sud- 
den death would be the effect of these openings ; but in 
this respeet I was disappointed, and at first not a little 
perplexed. This disappointment I experienced partieu* 
hrly in the case of a large dog. This animal, as I sup- 
posed, after the collapse of the lungs, by pressing up 
the diaphragm by means of the abdominal muscles, and 
by depressing the ribs as far as possible, by the same 
means, and then by a rapid and forcible contraction of 
the intercostal muscles, accompanied by an equally rapid 
and forcible contraction of the diaphragm, was enabled 
to rarify the air contained between the external surface 
of the Imigs and the chest, to such a degree as to oc^ 
casion a partial dilatation of the lungs, and an imper- 
fect expansion of the heart. Thus life was painfully 
prolonged for nearly twenty minutes. The sufferings 
sustained by this animal for so long a period, prevented 
a repetition of the experiment in the same manner on 
any other animal. The result was in other respects 
satisfiictory* Though the death was tedious, it was ul- 
timately produced by the collapse of the lungs. I had 
previously performed the same experiment upon a rab« 
bit and a eat. In these the death, though not sudden, 
ifns neither so 'tedious nor to appearance so distresmng 
asin Ae case of the dog. 
2m 
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The same appearances were, on dissection, exhibited 
by all. The muscles were remarkably red ; and, whea 
an incision was made into them, they poured out blood. 
The membranous parts exhibited tlie blood vessels as if 
they bad been nicely and fully injected ; forming anas- 
tomoses which appeared like a netting made of red 
threads. I was particularly struck with the coats of 
the intestines. Instead of exhibiting the usual pale 
smooth^surface without the vestige almost of a siogle 
blood vessel, they appeared to be composed of a red 
coloured netting, the meshes of which varied greatly 
both in dimension and in form. The liver was like 
red morocco. The flesh of the rabbit, which is usually 
white, was in this case of a reddish color, and all the 
dissected parts became wet with effused blood. The 
heart contained little blood. When the chest was open- 
ed, and the large vessels it contained were divided, a 
small quantity of blood only was effused, not much 
more indeed than from the other parts of the bodyt 
The aorta and large arteries, in all the instances, were 
pale externally, while the accompanying veins were of 
a blue color. A part of the descending aorta, above the 
bifurcation of the iliacs, after its extremities had been 
secured by ligatures, was cut out, and was found to 
contain a small cylinder of blood generally coagulated* 
So it appears that the white color of the arteries did oot 
arise from their being devoid of blood, but from the 



267 

opacity ^f their coats. With respect to the vessels, 
which the stomach, the intestines, and the membraneous 
parts exhibited in so beautiful a manner, 1 do not pre- 
tend to say what part of them may have been veins, 
and what part may have been arteries. Supposing, 
however, that these carcases exhibited the distribution 
of the blood as it really existed \\\ li e, it is very evident 
that the blood, not only of the larger arteries, but of the 
smaller vessels, whether they be arteries or veins, must, 
ID consequence of death produced in the usual way, be 
emptied into the large veins. I think it probable, how- 
ever, that what are called the carpillary vessels, may, 
in consequence of this mode of killing the animal, be 
found to contain more blood than the share that belong- 
ed to them during its life ; for the elasticity of the coats 
of the arteries, the effect of which, as I before stated, I 
had not been able to devise any plan of counteracting, 
by contracting the bore of these vessels, would propel a 
part of the blood that was flowing in them at the mo- 
ment of death into the vessels, the coats of which were 
inelastic and dilatable. 

For the purpose of comparing the appearances of two 
animals of the same kind, killed in different ways, two 
rabbits were killed on the 20th of September, 1819 ; 
one of them by causing the lungs to collapse before 
^tb, the other after a different manner. In the case 
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of tbe first of these rabbits, the belly was opened freely 
firom tbe scrobicolas cordis nearly to the pelTis, and the 
lower surface of the diaphragm exposed to view* An 
opoiingt fit to admit my two fingers, was made through 
the museular part of the diaphragm on each side. Tbe 
sound of air rushing through the orifices announced tbe 
eollapse of the lungs* As the amimal possessed no 
power of contracting the openings made in the di&» 
pbragm, as its struggles would probably tend to render 
them still wider ; and as therefore the capacity of dila-* 
ting the lungs, even to the smallest degree no longer 
remained, the animal instantly died. Tbe appearaoees 
exhibited by the dissection of this raU)it, were preeiaely 
similar to those which have already been described of the 
bodies of animals killed by the previous collapse of the 
lu^gs. The vessels, particularly of the intestines^ 
stomach and mesentery, were very distinct and full of 
blMd, forming frequent anastomoses with each other to 
tbe way already described. The flesh was reddish, aodi 
when cut into, bled. The heart and vessels aboat it 
contained only a moderate quantity of blood ; for scarce* 
ly any blood was found to have e£fused, after the di- 
vision ot those vessels into the shell of tbe obiesU The 
otber rabbit was killed by thrusting a sharp instrumeat 
between the vertebrse of the neck* It died instantly sad 
was immediataly opened. Scarcely was the vestige (^ 
m Uood vessel to be observed on the snrfec^ of tbeioM^ 
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tiiuMi or stomaeh, which had a pale appearmoe^ exe^l* 
ing where they were tinged by the colour of their eon^ 
teats. The inembraDes scarcely exhibited any traces of 
Ysscalarity. The flesh was white, and when cut into 
appeared to be dry, discharging at some parts a drop or 
tvro of blood. The liver was of a dasky brown. The 
trnuks of the veins were swollen and ronnded, whereas 
in the other rabbit they appeared flat, and to contain a 
thin layer of blood. A considerable quantity of blood 
was found in the shell of the chest, after it hud been 
opened, and the large vessels it contains divided. 

A few days after, a sheep was killed in the tame 
manner as the first of the above-mentioned rabbits. 
When tlie openings were made through the diaphragm, 
the sound of air rushing into the chest, and a hal- 
low groan from the throat announced still more plainly 
the fatal collapse of the lungs, and the last expiration^ 
The animal, after nlaking a few heavings with the chest, 
became lifeless. Several other sheep had been killed at 
the same place at that time, and there was an opporto* 
nity of comparing the carcase of this animal with those 
of the others. Scarcely any traces of the smaller ves- 
sels were observable in the stomachy intestines, perko' 
aeum cr mesentery of the other sheep, while in the same 
farts of this animal they appeared in great abondaneer 
mnA as iajected with red wu. The appear^nee wa$ 9& 
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remarkable as to strike the batchers, and other persons 
whose attention I directed to it, with surprise* The 
colour of the fat was browner than usual. The mosdes 
of this animal being at all times red, did not exhibit so 
marked a difference as in the case of the rabbits, but 
when cut into,^they discharged blood. The larger arte- 
ries, . where I had an opportanity of seeing them, con- 
tained a small cylinder of coagulated blood. The fiat 
and tape-like appearance of the large veins, which I had 
observed in the rabbit killed in the same manner, was 
in this case very remarkable. 

The result of these experiments I think fully war- 
rants the conclusion, that the difference of the distriba- 
tiott of the blood after death from that in which, accord- 
ing to the Harveian theory, it must exist in the living 
system, arises chiefly from the elastic power of the 
lungs ; and that the emptiness of the arteries and of the 
smaller vessels observed after death, admits of a satis** 
factory explanation from the supposed operation of this 
cause, combined with that of the elasticity of the arterial 
canals* 

• 

In concluding this subject, I am anxious to express my 
hope that some benefit may result to anatomy from the 
examination of animals killed by the coUapsion of the 
lungs } in particular a better chance seems to be pro* 
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aaised by it of tracing the vascular system to its various 
termiDations. According to the Harveian doctrine, the 
blood must flow from the minute and ultimate branches 
of the arteries into the corresponding branches of the 
veins. But the manner in which the vessels form the 
communication necessary for this purpose^ is still a de- 
sideratum in medical science ; and, as in all ordinary 
modes of death, these vessels are always deprived of 
their contents ; and, as in these circumstance, the knife 
of the anatomist and the microscope, though guided by 
all the colourings which the art of injecting could sup- 
ply, have been found incapable of bringing this union 
into view, it was likely to remain so. But the exami- 
nation of animals in which the smallest vessels contain 
at least their full proportion of the red blood that flowed 
in them in the living body, seems to hold forth the hope 
of some satisfactory knowledge being attainable in this 
dark and mysterious part of physiology. And it is evi- 
dent that, without a knowledge of the manner in which 
venous and arterial capillaries communicate, and of the 
powers by which the blood is moved through these ca- 
pillaries, the momentous question. What is the cause of 
Inflammation, and, of course, of the majority of the dis- 
eases affecting the animal frame ? must now be involved 
in darkness. On this subject, a foundation of adamant 
has indeed been laid by the immortal Harvey, and some 
additions of the same imperishable materials may have, 
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from tiiM to time, beeo made to it by others ; but an 
edifice that shall be worthy of the iodestructiUe baais 
still remains to be raised* 

The animal frame is supplied with another system of 
vessels besides the saiiguiferousi connected with the lat- 
ter, aud containing a fluid, the motion of which is infiu- 
weed partly by the same powers by which the blood is 
Girculated. This is the lymphatic system* The ex- 
treme terminations of this system open upon surfaces 
from which they imbibe the peculiar fluids which they 
convey, and uniting as they proceed towards their otb^r 
termination, after the manner of the veins, form one 
trunk, which discharges its contents into the sobcl^naQ 
vein. The vessels of which this system is oQmpo8e4» 
though during life, constantly transmitting a SmAt W 
always found, like the arteries, empty after death. Whm 
Aselli, to whom the honour oi discovering the lact^al^ 
is due, observedi to his great astonishment and joy, v^ 
sols containing a milky fluid running on the meseatery 
of an amimal, the abdominal cavity of which wlule liv- 
ing, he was examining for a different purpose, be k^ed 
the animal instantly to obtain, as he supposed* a bstlef 
opportunity of examining the vessels, but no ^oooisr vss 
the animal deprived of life, then the milky streaks- di^ 
appealed, and the most careful search for theoi p^^ 
ved unavailing. The causes which produee the eMf^ 
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ness of the lymphatics after death, are stmillir to those 
to which theomptiness of the arteries had been ascribed. 
The sttctioDwinfloeDce, derived from the expansion of 
the heart, and the elasticity of the lungs, extends to the^ 
lymphatics, which are a ramification of the veins, and 
aided by the elasticity of the coats of the lymphatic ves»- 
sels themselves, carries on the process of emptying, after 
that of supplying has been withheld. It is evident that 
the cause assigned by Pr. Harvey for the emptiness of 
tbe arteries after death, the projectile power of the heart, 
ooald have no influence on the movement of the chyle or 
lymph. 

It is worthy of remark, that the same*canse which ren 
tsrdsd the discovery of the circulation of the bloody re- 
tarded the discovery of the lacteals and lymphatic aysteixi 
generally* Tbeoinptiness of the arteries after death made, 
it appear impossible, that these vessels could be the; 
(^nels of blood during life; but, without thait suppo*' 
aition, tte circulation of the *blood was inconceivable. 
The eroptiDese of the lymphatics and lacteals produced, 
by death, combined with the pellucid structure of theso: 
vessds, withdrew them from the observation of the !an>«; 
alomiat. It is remarkable also, that the discovery of! 
the cause of these effects, has been long snbsequisnt tO) 
the discovery of the operations wlHck ikej eoneeiied* 
2jr 
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It was stated 1^ Harvey, that the arteries pf animah, 
killed by immersion in oold water and in mepbytic air, 
retain blood after death. I have observed that the 
. cause why, in animals, that are killed by drowning, the 
arteries eontinned to be full of blood after death, would 
be afterwards explained. This appears to be a suitable 
opportunity for that purpose. 

When an animal is deprived of life by immersion in 
water, it has generally been supposed that none of the 
fluid enters the trachea. This opinion has been formed 
in consequence of no water having been found, after 
death produced by drowning, in the windpipe, or any of 
its branches ; but it is erroneous* The water enters 
freely into the windpipe, and is imbibed, not only by 
the bronchia, but passes often from them into the. pul- 
monary veins, and proceeds even to the left auricle ol 
the heart. The lungs of animals which have been de« 
prived of life by drowning, do not collapse after die 
obest is opened, in consequence of the water with which 
they are distended not being an elastic fluid, and incon- 
sequence of its greater gravity. The lungs therefore 
are in this case deprived of the suction-influence wUeh 
belong to them'after death and before the chest has been 
opened, when the air vessels are filled with air only. 
The cause by which the arteries are emptied after deadi 
b intercepted ; and the arteries of animals, which have 
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been drowned, are placed in the same sttuatiov with 
those of aniinals which have been killed by the collapsing 
of the lungs ; they remain full of blood after death. If 
water, in the process of drowning, enters freely into the 
longs, how happens it, it may be asked, that no water 
is found in the windpipe of an aninial that has been 
drowned ? While the animal is still in the water, the 
windpipe is filled with that fluid ; but, when the body is 
taken out of the water, it is relieved from a share of the 
pressure which it bore in the water. The pressure from 
which it is relieved is equal to the difference between 
the weight of a column of water, whose height is equal 
to the depth to which the body was immersed, and of a 
column of air of the same height. The body sustains 
less pressure when taken out of the water than it did 
when immersed in it. The elasticity of the ribs will 
have a greater reaction, and the chest will be more ex- 
panded, and the lungs will be capable of imbibing a 
greater quantity of matter which can orily be supplied by 
the windpipe and its branches. Hence arises the absence 
of the fluid, in which an animal has been drowned, from 
the windpipe and its branches, upon an examination after 
death. 

Dr. Harvey asserts, that the same appearance is matdd 
by the arteries of animals killed by immersion in mephy- 
ticiiir ; by which I suppose he means carbonic acid gas. 
As this gas is heavier than common air, the collapse of 
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the loi^ wotdd be, to a certata exteBt, provented after 
the cheat was opened, and the collapsing eff<(^t lessened 
after death, before the chest was opened^ The soc- 
tion of the Inngs would be less powerfnl, and the 
accumulation of blood in the chest, would not take place 
to the same extent after death. The eanses therefore 
by which the arteries of animals are emptied after dealbi 
would not, in this case be so strong, allowing some blood 
still to remain in these vcesels. I have not bad an op* 
portunity of ascertaining this by experiment* 

The lactcals and lymphatics of animals killed by 
drowning, or by the admission of air into the cavity of 
the chest, will be found to be full of chyle and lymph 
after death. 

It must appear to every one, who has considered 
the circulation of the blood with any share of attentioQ, 
extremely unaccountable, that the blood should flow with 
continued impetuosity from a divided artery, while the 
stream, from the accompanying vein in the same situa* 
tion, is gentle and easily subdued ; for, considering 
that the quantity of blood, which, in the sound state of 
these vessels passes through the vein, must be equal to 
that which in the same time passes through the artery, 
and that the fountain from which each is supplied is tbe 
same, the venous stream ought to be equally strong and 
lasting with the arterial. Hence arose the unpfailoso- 
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pUcal coBclttSioni that the laws of hydrostetics were not 
q)pKeabIe to the motion of the blood# Bat the aurpris* 
iog difference between the tnomentum und perniA* 
iMBcy of the stream from a divided artery^ and of that 
(torn a divided veioi admits, upon the priooiples We 
have attempted to establish, of a solution, ot once sim^ 
pk, satisfactory^ and perfectly conformable to the laws 
of hydrostatics. It has been maintained that ab im^. 
portaot share of the motion of the venous Uood is do* 
rived from the diminution of resistance in the direction 
of the heartj occasioned by the removal of a part of the 
attno^heric pressure, from the convex surface of that 
organi by the elastic effort of the lungi. But when a 
vein is divided, the blood contained in the part of the 
vein beyond the point of section, is, on all sides* expose 
ed to the undiminished weight of the atmosphere, and 
a powerful cause of its motion is^ in consequence with^ 
diawUi The blood beyond the division is now placed 
in GirciimstaBces very different from those in whibh it 
flowed in the sound vessel. If it be intended ther^ore 
to estimate, from the force with which the blood flows 
from a divided vein, the actual force with which it flow- 
ed before the division of the vessd, it will be necessary 
to addf to the discharging stream^ a quantity of motioa 
equal to that which would be generated by the share of 
atmospheric weight supportable by the elastieity of the 
longs, at the full dilatation of thede orgatis. 
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If a panetare be made in the eide of an artery, the 
bbod will continue to flow from the orifloe, even to the 
estinetion of life ; bnt if a similar pnnctnre be made in 
a vein, no blood will be spilt or at least the discharge 
will soon cease. — According to the supposition, that the 
venous blood is propelled hy tans a tergo^ and by late- 
ral pressure, there appears no r^ison to infer, why the 
blood should not flow from the orifice made in the veio 
as permanently as from that in the artery. It would be 
pressed out of the orifice of the vein by a force measar^ 
able by the weight of a column of blood, of which the 
height is equal to the distance of this orifice from the 
heart, and the base to the area of the transverse sectioo 
of the vein. The resistance which, in those circumstan- 
ces, the blood would have to overcome in proceediDg 
along the channel of the vein, would utfquestionably, 
be more powerful than that which would be opposed to 
it in flowing out of the orifice. The punctured vein 
ought therefore to bleed as freely, and as long, as a 
puni^red artery. 

We are now enabled to assign a satisfactory ressoo 
for a punctured vein refusing to bleed. — In taking its 
course out of the orifice, the blood would have to sur- 
mount the resistance which the whole weight of the at^ 
mosphere is capable of opposing ; but, in flowing along 
the channel of the vein, it is relieved from a share of 
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tbat resistance* It therefore necessarily takes the less 
resisted passage, and is as securely confined within the 
coats of the punctured, as within those of the uninjured 
vein. 

If a vein be surrounded by a ligature, the part of 
the vein between the ligature and the heart becomes 
empty and collapsed, yirhile the part on the other side of 
the ligature swells and becomes tense. From the oper* 
atioD of the causes usuallv ascribed to the motion of 
the blood, the swelling of the vein, behind the ligature, 
will easily be deduced ; but its depletion on the side of 
the ligature nearest the heart does not admit of so ready 
an explanation* The blood which had just cleared the 
section of the vein about to be rendered impervious, 
would not, after the power, by which it is supposed to 
have been moved, had beeu intercepted by the ligature, 
continue impressed with such a degree of momentum 
as would be sufficient to convey it all to the heart, and 
evacuate the vein. According to the laws of fluids 
moving in tubes, part of the blood would, from the re- 
action of the particles, become retrograde and be driven 
back against the ligature. This would more certainly 
take place in tubes formed in the manner in which the 
veins are ; for other branches unite with the stem from 
which the bound vein has sprung ; the blood in those 
branches is not, as in this, intercepted from the influ- 
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of the powers by which it U supposed to have b«eu 
propelled. The superior foreeof the strosms, ictlibs 
uaboand branches^ would iieoess»rily prevent the bldod } 
placed between their confluence with the bound brasebf 
and the ligature, and cut off from the influence of the 
propeUiog powers ; from advancing into the commpn 
stem. But the part of the vein before the ligatore^ 
snpposing it to have been by some mesne depleted, 
would soon be filled with a fresh supply, by a reflwc 
from the other branches ; and the coats of the veio, od 
the side of the ligature nearest the heart, would ooo* 
tinue to be disteaded by a foroe equal to that of the cir« 
calation in the veins. The retrograde motion of the 
blood could not in these circumstances be always at 
least prevented by valves. 

The depletion of the vein before the ligature foUow9t 
neoessarily, from the operation of those causes to wbich 
the nu>tiQu of the venous blood has been attributed in 
the preceediag pages. — Yielding to the balaoee of pies* 
sure, which pooderates against it from behindi sod 
which the application of the ligature could have no e&ct 
in lessening, the blood will continue to advance towards 
the heart after the permeability of the veiu behind it )m 
been destro]ped } and the same causesy by which the p«rt 
of the vein before the ligature was emptiedf would ef'* 
feotually preveot it from becomii^> in the swM oireaoh 
stanceSi the receptacle of a fresh supply. 
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If a ligature be put round all the branches or veina 
which return the blood from a particular part, as from 
ibe arm, so as to render them impervious, without at 
the same time compressing the accompanying arteries f 
the parts of the veins between the ligature and the ex- 
tremity of the member will swell and become very tense, 
and will continue so until the bandage shall have been 
removed, or until the death of the part. If a puncture, 
in these circumstances, be made in the swelled vein, 
the blood, without the relaxation of the bandage, will 
continue to flow even to the extinction of life. This 
appearance, with which mankind have been familiar 
from the most remote ages, was justly held by Dr# 
Harvey, to supply one of the strongest arguments in 
favour of the circulation of the blood ; and, when we 
consider the inferences which it so plainly indicates, we 
are struck with surprise that it did not earlier ^direct 
the notions of mankind to that great discovery. 

If, however, one of the veins only of the arm be com* 
pressed by a ligature, the part of the vein between the 
ligature and the extremity of the member will swell, 
but not to the same extent, nor with the same continu- 
ance, as it would have done had all the veins of the arm 
been compressed at the same time* Nor will much blood 
ingeneral be discharged from an orifice made in the 
vein behind the ligature. The uncertainty of a vein 
2 
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always swiping behind the Kgatare with which it is 
surrounded, and the speedy disappearance in many in* 
stances of the swelling after it had taken place, are cir^ 
eumstances which gave great perplexity to the first sap- 
porters of the circulation of the blood, which supplied 
their keen adversaries with powerful weapons, and 
which it must be acknowledged do not admit of a satis- 
factory explication from the views that have been afibrd-i 
ed of the causes of the Harvean circulation. The un- 
common interest which the circulation of the blood ere-* 
ated at its first promulgation, in consequence of the 
violence with which it was assailed by its ardent op- 
ponents as well as of the vast importance of the subject, 
and the plausibility of the objection afibrded by the ab- 
sence or speedy cessation of tumor behind the ligature 
by which a vein had been tied, caused these experiments 
to be multiplied exceedingly, and to be repeated on all 
kinds of animals, in every variety of form. 

The illustrious Baron Haller, unquestionably one of 
the ablest and most zealous followers of Harvey, with 
that candour, for which that great physiologist was 
eminently distinguished, admits indeed the difficulty, 
but at the same time attempts to elude it by devices that 
are more dexterous than convincing. He advises the 
experimenter in these cases to be quick in making his 
observations ; as otherwise the swelling behind the liga- 
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ture may have in the mean time subsided, in -conse* 
^oeDce of the feilure of propelling force accompanying 
a cessation of the powers of life. He also recommends 
as the subject of these experiments warm blooded ani- 
mals rather than those which are less perfect ; ob- 
serving, tfalit in the latter the blood soon retires from 
bdiind the ligature. A remarkable circumstance this ; 
for if the decrease of the swelling proceeds from the 
ankmg of the powers of life, the swelling behind the 
ligature ought in such experiments to continue longest 
in the cold blooded animals, as they are more tenacious 
of life than those which are termed the more perfect. 
The opponents of the Harvean theory maintained, that 
the- appearances observed upon tying a single venous 
ramification, tended most powerfully to confirm the opin- 
ions which prevailed respecting the motion of the blood, 
brfdre the doctrine of the circulation had been proposed ; 
and which were, that the blood flowed to and from the 
heart alternately in the same vessels, after the manner 
of the flowing and ebbing of the sea. The retiring of 
tile blood from behind the ligatnre was supposed to. 
occur during the refluent movement of the fluid. Mi- 
croscopic observations made upon the blood flowing in 
the transparent parts of animals, added to the perplexity 
into whidh the supporters of the Harvean theory were 
thrown. Globules of blood were observed, after ad- 
vancing through a vein, and trying unsuccessfully, as 
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it were, to find a passage onwards^ to retrace tbrir stepif 
and to retreat, for a considerable space, along the same 
channels in which they had before advaaced. 



All these appearances will derive a plain and 
tory explication from the supposed operation of the 
causes to which the motion of the venons blood has 
been attributed, and the objections which these appear* 
ances were supposed to oppose against the doctrine of 
the circulation, will be completely removed. 

When all the veins, belonging to the arm, are com- 
pressed by ligatures or by a bandage, every avenue for 
the return of the blood from the part beyond the liga- 
tures to the heart is closed } but, as the arteries remiua 
pervious, aud continue to transmit blood into the ex- 
treme veins of the member, the force derived from the 
heart and arteries will continue to throw blood into 
these vessels, until it shall be balanced by the resistance 
opposed by the distension of the coats of the veins be^ 
yond the point of compression ; and the permanent 
operation of the same cause will maintain the same 
stata of distension so long as the bandage remains* 

But when one of the veins only of the arm is tied, 
the case is extremely different. Other passages are still 
open between the blood in the part of the vein behiod 



QS5 

the ligature and the heart. — The more direct road is in* 
deed intercepted ; the suction influence of the heart will 
not reach it through the usual channel but will still be 
extended to it through another but a more circuitous 
route. The blood, contained in the part of the vein 
beyond the ligature^ is intercepted by the compression 
of the vein from the exhausting influence of the heart ; 
it sustains, on the side of the ligature, the full weight 
of the atmosphere ; but the particles further removed 
and situate at the entrance of the nearest anastomosing 
vessel are less resisted by the blood in this vessel than 
by that between them and the ligature ; they therefore 
give way and take the least resisted course ; other par- 
ticles succeed to their place ; and, in turn, yield to the 
same influence, till at last the whole part of the vein, 
between the ligature and the nearest anastomosing 
branch, is completely emptied, and must remain so, as 
long as the ligature compresses the vein. 

The course of the globules of blood, observed to be- 
come retrograde in the pellucid parts of animals, admits 
of a similar, and no less satisfactory, explanation. Should 
a small vein be for a time obstructed, which may reason- 
ably be supposed often to happen, in cousequence of 
pressure,' or even by the magnitude of some of the glob- 
ules themselves^ the globules behind the obstruction will 
b« effected in the same manner that the blood has been 
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observed to be, in the part of a vein behind die ligature 
by which it has been^und. It may easily be codo»v- 
ed that th^ blood, in the smidl vessels, partioolarly io. 
those which form a communication between the branches 
of one stem and those of another, will flow in diffecent 
directions, without the supposition of any obsdructioQ. 
The sopplies of the vessels belonging to one branch may 
not be sufficient for their demands, wUle the suj^^Ues 
of another may at the sane time be superabundant* 
The resistance oppossed to the entrance of the blood 
into these different sets of vessels will vary according to 
circumstances. The blood in the connecting vessels 
will uniformly pursue the less resisted course, and will 
therefore move through these vessels, sometimes in me 
direction and sometimes in another. Hence we may 
account for that oscillatory motion which is observed in 
the capillaries and which was supposed, Jby ttiat.&oiGlr' 
lent physologisty Dr. Robert Whytt, to be the cause of 
the passage of the blood through the small vessels. 

It is impossible at this part to withhold our admira- 
tion of the simple, yet most e&ctual, manner in whidi 
provision is made against the stagnation of blood in fsaB% 
of any obstruction in the veins, and its various coi^Sfi!- 
quent mischiefs. If it had been propelled by causes 
which must always drive it in the same direction, the 
blood must have often been accui^nlated and beeome 
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stAgoBBt, and in a short time putrescent ; especially 
when it is considered that the veins are very dilatable, 
and have no power in themselves of reacting against 
the distending force. But so long as there is open a 
communication between the blood, in any part of a vein, 
and the heart* however circuitous that communication 
inay be, the stagnation of blood, either before or behind 
the obstructed part, is not to be apprehended. 

In the arteries the same mischiefs are prevented by 
the contractile energy of these vessels displacing the ac- 
cumulated blood, or correcting the error by the more 
troublesome and often dangerous remedy of exciting in- 
flammation in the part. 

It was remarked in the numerous experiments that 
were made by surrounding the veins of living animals 
with ligatures, that, in some cases, the swelling behind 
the ligature was considerable and of long duration ; that, 
at other times, it was slight and soon subsided. These 
appearences may all be explained from the difference 
^th respect to the proximity, number and capacity of 
the anastomosing vessels connected with the part of the 
vein behind the ligature. For if these anastomosing 
vessels be at a short distance, numerous and large, no 
tfimefaction will take place behind the ligature, or it 
will soon subside ; but if they are remote, rare^ and of 
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a minute caKbrey the tumefaction will be greater aad 
more durable- 
It was observed that the extremities of the arteries 
and veins were supposed to communicate in genera} 
directly, but that it was acknowledged, that in scmie 
parts of the fabric, they form communications, through 
the intervention of cells. These parts are chiefly, the 
corpora cavernosa penis, the clitoris, the uterus and the 
mammae By what agency the cells of these parts are 
6m[)tied, and the blood which they contained is returned 
again into the circulation, after the causes by which they 
were filled have been withdrawn, is a question that has 
been much agitated by physiologists. The vis a teryOf 
proposed by Dr. Harvey, is not adapted to the end, 
and supposes a continuance of the causes by which the 
cells had been filled. Nor have Dr. Brown Langrish, 
and the advocates of the venous absorption, been more 
fortunate in their explanation of the phenomenon, as 
they have not been able to shew by what means the veins 
are rendered capable of acting as absorbents. The elas- 
ticity of the cells cannot be supposed singly to produce 
the effect ; for, as was justly observed by Dr. George 
Fordyce, the cells are not tense at the time of their de- 
pletion. After examining maturely every hypothesis 
that has been advanced, this last mentioned author con- 
cludes that the phenomenon is inexplicable on the prin- 
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dples of hydrostatics, << For supposing," says he* '^ an 
opening made in a vein, there is a pressure equal to the 
circulation in the vein, to force the blood out. of this 
opening, it would therefore flow out and remain out, 
unless there was a force superior to this pressure to 
throw it in again. But we know of no such force in 
the veins of the common structure/' But the force for 
which the learned author searched in vain, and the dis** 
eovery of which he considered unattainable, has, I trusty 
at last been found. In consequence of the causes by 
which the cavities of the heart are expanded and of 
which the explanation need not here be repeated, less 
resistance is opposed to the blood at the opening into 
the vein thaii at any other part of the spherical cavity* 
The elasticity of the cell and of the substance surround* 
ing it, and even the specific gravity of these parts wilt 
co-operate with the abstraction of resistance in the di« 
rection of the venous orifice, and effectually produce the 
evacuation of the cell upon the removal, or adequate 
diminution of arterial force, by which the cell had been 
filled and distended. 

How certain emotions of the mind should circulate 
through the arteries terminating in these cells, an in- 
creased quantity of blood, or should for a time obstruct 
the ordinary return of it from them by the veins, is « 
Bbliject into which we shall not presume to entert 
2 p 
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Upon the same principles, the rapid contraction of 
the uterus, after the delivery of the child, may be plain** 
ly, and it is hoped, satisfactorily explained. 

When the sides of a recent wound are united, and 
kept in that situation for some time, a communication 
will be formed between the vessels on one side of the 
divided portion and those of the other. The mouths of 
the wounded vessels become united by vessels of the 
same kind, newly formed for the purpose, and the 
wound is healed. If a tooth be taken out of the jaw of 
one person, and instantly inserted into the place from 
which the tooth of another person has been extracted, 
the newly planted tooth will take root, and will live in 
the head into which it has been transplanted. The spur 
of a young cock may be transferred to his comb, where, 
in consequence of the superior ri«hness of the new 8oil» 
it will flourish with fresh vigour and far outstrip its 
fellow, which had been left on the native but more bar- 
ren soil of the other leg. 

A piece of the flesh which has been cut out of the 
body of one animal and instantly applied to the fresh 
wounded surface of that of another, so that the two di- 
vided surfaces remain in contact, will unite with that 
other ; and any injury afterwards done to this newly in- 
grafted portion, will excite paia as sensibly in the animal 
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to which it DOW belongs, as it would have done to its 
first possessor, had it been inflicted before its separation. 
The practice and recommendation of this art have con- 
ferred a ludicrous immortality upon the name of Talia- 
cotius. 

These curious phenomena depend upon principles 
which, though sometimes fanciful in their application^ 
are of the greatest benefit to animal existence. With- 
out them, the list of incurable diseases, already alas ! 
too long, would have been greatly extended, and the 
loathsome affections of life multiplied beyond calculation. 
The process, which nature pursues for the union of di« 
yided parts, has always excited the eager attention of 
the curious observer^ The late ingenious and indefati- 
gable Mr. John Hunter bestowed particular attention 
upon this curious and inoportant speculation. This cele- 
brated physiologist, in the course of bis labours, was 
led to the conclusion that the blood not only possessed 
that species of life by which it resists the chemical at- 
traction subsisting between its constituent parts, but also^ 
that in certain circumstances it had the power of form- 
ing itself by its own action into a vascular structure. 
Mr. Hunter supposed that when a wound is made and 
the lips of it brought together, the blood oozing from 
the mouths of the divided vessels, exerts its creative 
powers and is converted into new vessels, which form a 
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cjhannel of communication between the vessels which had 
been separated. The communication between the ves- 
sels heing thus established, and the plastic nature of the 
gelatine of the blood uniting the other parts, the circa- 
lation is restored and the wound healed. 

"But it would not, upon this reasoning, be sufficient 
to allow the mass of blood the wonderful and improba- 
ble properties here ascribed to it. It must be supposed 
to possess others still more singular. It must have 
judgment to fix the proper direction of the vessels, which 
it has formed from itself. For it has been often remark- 
ed that a vessel, finding upon the surface immediately 
opposed to it no vessel with which it can form a com- 
munication, goes in quest of one ; and it is at a distance 
frequently that it finds the object of its search. In fact 
the new vessels which form the communication between 
the mouths of vessels opening on divided surfaces are 
observed to pursue an oblique, crooked, or even a circu- 
lar course. Before the time of Mr. Hunter, it was sap- 
posed that the arteries in these cases became elongated, 
and that it was by the stretching of the old, not by the 
formation of new vessels, that the vascular commumGa- 
tion between divided surfaces was restored. But this 
18 contrary to observation ; the vessel which' unites the 
mouths of two opposite vessels, Mr. Hunter ascertained, 
from an examinati6n of the process in its various stipes, 
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to be a new formation. Besides, the same difficulty oo* 
cars upon this supposition respecting the direction of 
the elongated vessel, and the facolty of being able to 
judge upon the course that is to be taken, would be as 
necessary to the elongating vessel, as, upon Mr. Hun- 
ter's supposition, it is to the blood itself. 

Let us attentively consider the means by which the 
blood is circulated, and examine whether a more simple 
and satisfactory explication of these phenomena may not 
be found. 

When a wound is made in the body, and the parts 
brought together and kept in that state, the plastic na- 
ture of the blood that had oozed out of the arteries, 
Sryiog near the surface, unites the edges of the wound. 
Bat the blood oozing out of the arteries below the sur- 
face remains liquid. The veins in the mean time have 
become emptied in consequence of the blood which they 
contained having taken the less resisted course and re • 
turned to the heart. The blood then, which had flowed 
from tfae mouths of the arteries into the interstices be- 
tween the divided surfaces, being less resisted towards 
the mouths of the veins than in any other direction, ne- 
cessarily enters the veins and continues its course to the 
heart. Other blood follows, and thus a communication 
is established between the artery and the opposite vein. 
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The blood forming this slow carrenti coagaktea upon 
the external surface, and in due time a vessel is thus 
formed between an artery on one side and a vein on the 
other side of the wound. 

Thus the formation of new vessels communicatiDg be- 
tween the arteries on one side and the veins on the other 
side of a wound, with a direction conformable to the re- 
lative position of the mouths of these vessels, is easily 
explained upon this simple principle, the tendency of a 
fluid to restore the equilibrium of pressure between the 
particles which compose it ; and without being under 
the necessity of ascribing to the blood properties and 
even faculties, which it is impossible to conceive that it 
possesses. 

But it may be urged that this explanation will not 
apply to all the cases. In this instance there are on each 
side arteries and veins, the communication between which 
and the heart has not been interrupted. But- in the ia« 
stances of the transplanted tooth, of the ingrafted spur, 
and of the transposed flesh, the communication with the 
heart on one side is completely cut off. 

In reply to this objection, it is contended that in the 
case of the tooth, the cavities of the blood vessels with 
which it is supplied, from the incompressible nature of 
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the substance of the tooth, are always of the same diihen- 
sioDS. If, therefore, a diminution of pressure, which 
was previously equal, be made at one end of a small in . 
compressible tube, and the other end of the tube be in- 
serted in a liquid, a current will necessarily be produced 
from one end of the tube to the other. This canal may 
be supposed to perform the function of a vein, and its 
demands, as they are perpetually renewed, will be sup- 
plied by an artery on the other side of the tooth ; the 
same will take place in all the vessels of the tooth ; so 
tbat a communication will be established between the 
tooth aud the parts which surround it ; the circulation 
will be restored aud the life of the part preserved. The 
same reasoning may be transferred to the transplanted 
spur of the cock. 

But it may still be urged that this reasoning is not 
applicable to a piece of flesh which has been inserted, as 
the vessels belong to it are compressible, and their tubu- 
lar form not so easily preserved. It is to be observed 
in this case, that though the larger veins collapse upon 
abstraction from the body, yet the capillary veins, though 
possessed of the same structure, may, in the same situ- 
ation, be supposed to preserve their tubularity in a con- 
siderable degree, in consequence of the minuteness of 
the circles formed by their composing fibres and the 
great curvature and proximity of the tubular arches. As 
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tbe transverse section of tbe larger arteries forms a com- 
plete eircle, tbe minute arteries may be admitted to pre- 
serve tbeir tubularity in a still more perfect degree. 
The blood which is poured from the arteries, tbe cod- 
nezidn of which with the heart has not been interroptedi 
into the interstices between the aproximated and adhe- 
rent surfaces, will in time accumulate and be compressed 
bj the resistance opposed by the two surfacest 

The transplanting of glandular bodies, as of ihe tes- 
tes of animals, may be still more certainly effected, 
as the vessels of these parts preserve their tubuhrity 
more perfect, and continue more permeable, after their 
ikeparation from the body. 

* 

Hence from the conjoined operation of the pressure 
affecting the extravasated blood, and of the exhausting 
influence extending to it from the heart through the 
veins, in connexion with the capacity which the small 
vessels possess of preserving their tubularity and of the 
adherence of the principle of life to the newly apjdied 
part, the circulation between that part and die adjoiaiilg 
substance will be gradually established, their union ef- 
fected, and the life of the former preserved. i 

Thus, from the principles whidi have been attetnpttd 
to be established in thep receding pages, Aere is derited 
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M easjr, and, 1 hope, satiftfactoi'y explanation of the 
manner in which thd parte of a body that bare been di^ 
Tided are brongbt to unite ; and a 6tep aeems to have 
been made towards ascertaining the process which nature 
porsttes in the greAtest of all her works, the fermolion of 
animals. 

It has been remarked, thatVidveis are stationed at ite 
passages between the anricles and ventricles, and at 
tfaese between the ventrides and the roots of the arteries^ 
bat that no valves are discoverable at the entrnaoes of 
the large veins into the onricles* The ude of th^se valves 
are now considered safficiently evident. But no satishi 
factory reason can be drawn from the explanation 0f 
cheir offices given by the iHoitriovs Harvey, or by any 
aobseqoent physiologist, why valves should not be as ne^ 
oessary at the roots of the veins,^ to prevent the regor^ 
gitatioD of blood dnring the contraction of the amridei^ 
as at the passages in which they are found, to prevent 
the refiox of Mood from the ventricles and arteries dur-^ 
ing their contraction. Some authors, impressed with 
Ae necessity of their existence, have maintained, that 
Aey have seen a species of valve at the root of the vena 
cava. But their assertions have not been confirmed by 
generid observation. And the valve which could serve 
the purposes which are assigned to it, must npob aH oe« 
eaaions Jkave been too evident to escape the iHost eareleM- 
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ezsmination. Bat, if the causes^ to which the motaon 
of the venous blood has been attributed in the precediag 
pages, are real, it will be found, that valves, stationed 
at the roots of the large veins would be altogether use* 
less, and their existence inconsistent with the usual 
oeeonomy of nature. Synchronous with the contraction 
of the auricle is the dilatation of the ventricle. Consider 
the causes by which this last diamber is dilated. — They 
are not the forces, which are supposed to proceed from 
the contracting auricle, and which skigly would, un- 
questionably, drive the blood as fordbly back into the 
cava as forwards into the ventricle ; they are derived* 
in part, from the simple relaxation of the fibres, which 
is necessarily accompanied with an expansile effort ; but 
chiefly from the suspension of b share of that pressure, to 
which all the objects on the face of this globe are sub- 
jected, from the convex surface of the heart. The blood, 
therefore, pressed upon by the contracting auricle, ne- 
cessarily takes the less resisted direction, and is all 
drawn into the ventricle. The difference of resistanee 
which the blood has to encounter in the two passages 
serves all the purposes of the obstructing valve, wbidi 
under different circumstances, would be required at the 
root of the vena cava. But admitting even that the 
valve, after which anatomists have so long searched with 
scrutinizing eyes, were to be found, it would jiot serve 
die purposes which they have h^d in prospect* Si^ 
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posiog a valve to be stationed at the opening between 
the cava and the right auricle, and so constructed as to 
oppose, in similar circumstances, the passage of a fluid 
from the auricle into the vein ; and suppose that the 
auricle,, which has just been filled from the vein, con« 
tracts, . what in this case is to shut the valve ? There is 
no diminution of resistance, or suction-influence, which 
is necessary for the favourable play of valves, on the side 
facing the vein ; on the contrary, the blood is supposed 
to advance against it widi considerable momentum ; and 
the pressure which is made upon the valve by the con- 
tractbg auricle, is equal on both surfaces. The valve 
therefore would as likely be continued open as closed. 

A slight degree of reflexion will be sufficient to con- 
vince the intelligent observer how much more important 
the offices of the valves which are found in the heart 
will become, and how much more certainly the regularity 
and efficacy of their action will appear to be secured, 
upon the supposition that the chambers of the heart are 
dilated by the causes which^ in this treatise, have been 
ass^ed^ to that purpose. 

' The two trunks of the ascending and descending cava 
meet at the heart in sucb a manner as to form a straight 
line, .whidb caused them at first to be considered as one 
vessel and to be designated by the common appellation 
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of veaa eava» The streams of blood, which are coDVe^'^ 
ed by these vessels to the heart, are placed at that point 
^n direct opposition* Upon the supposition that the 
blood is returned to the heart by a m a iefyos by the 
action of the coals of the veins, or of those of the con- 
comitant arteries, ev by the compression of Ae muscles, 
this position of these vessds is the most unfavourable 
that can be conceived, for the office that is assigned to 
tbem. The mementnm of the bleed in one vessel would 
be destroyed by that of the other ; or, if the current ia 
the descending was stronger than that in the ascending' 
cava, the blood in the weaker stream would be prevent- 
ed from eVer reaching the heart. The difficulties, op^ 
posed to the return of the blood from the extreme vcss- 
sels to the heart, already upon these hjrpotheses, insor- 
moontable, would be accumulated beyond calculation, by 
this location of the venous trunks. 

All diese objections vanish from the view that haa 
been presented of the causes of the venous circulation ; 
and, in their stead, advantages become strikingly cK^ 
played. As a share of the ordinary pressure is removed 
from the blood in the roots of the vena cava by the 
reiterated actions of the heart, this organ becomes the 
esutre to which all the blood in these iiessds is pressed ; 
SEud the two apparently opposing streanu, at ike aio* 
menl in which they are about to make a collision, are 
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each directed, by the 63thau8tion of the heart, withoaft 
sastaining: any resistance from the other, into a commoo 
reservoir. 

In certain circumstances, great advantages must result 
from this position of the venous trunks* As the im- 
petuosity of the currents, by the oenfluz of which the 
streams of the cava are oompoeed, is liable tD be greatly 
augmented by the actions of the superincnmbent musdes 
during violent exertion, a greater quantity of blood may 
be returned than the heart is fitted to receive, and the 
organ would be in danger of sustaining violence from 
Ae augmented impetuosity of the current. In such a 
circumstance, the momentum of the blood in one trunk 
will be expended against that of the blood in the other ; 
Aod tlie heart in a great degree defended from violence* 

As the blood in the system of the pulmonary veins is 
Bot exposed to such transient accelerations, the left side 
of the heart does not require to be protected from vio-* 

le&ee in the same manner. 

-■>«•.■ 

The heart impinges agamsti the left side a stroke, 
^hieh is not only very perceptible to the touch, but at 
times excites a sound which is sufficiently audible; The 
cause of the beating of the heart against the chest has 
^^quently attracted the attention of the curious, and haa 
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been the aoorce of considerable oontroverBy, — ^The opiQ- 
ion, which most natarally arose upon a slight considera* 
tion of this phenomenony was» that the stroke was pro- 
duced by the blood propelled forcibly against the chest 
by the contraction of the left ventricle. An examination 
of the course of the aorta^ which does not approach with 
any of its divisions, the part of the chest generally im- 
pinged, presented an undeniable refutation of this hy- 
pothesis. It was next urged that the walls of the veo- 
trides were pressed forcibly, during their expansion, 
against the sides, by the impulses of the contracting" 
auricles ^ and that thus the stroke in question was pro- 
duced. — The observation, however, that the stroke was 
not made during the dilatation, but during the contrac- 
tion, of the ventricles, became fatal to this suppositicm. 
An explanation was attempted to be derived from tlie 
momentum of the blood in the veins ; but it was not 
easy to describe how a power actmg constantly and uni- 
formly like that of the force of the venous blood, could 
produce an intermitting impulse. The late renowned 
Dr. William Hunter proposed, in bis lectures on anato- 
my, a new explanation of this phenomenon ; which is 
certainly ingenious, which received the ready assent of 
the admirers of that great man, and which is at present 
generally acknowledged to be satisfactory. This ex- 
planation, as it is given in a note contained in • Mr« 
John Hunter's treatise on the blood, whiqb was-tidifed by; 
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Sir Everard Home, is as follows : ** By its (the hearths) 
throwing the blood into a carved tube, viz. the aorta 
that artery at its curve endeavours to throw itself into a 
straight line to increase its capacity, but the aorta being 
the fixed point against the back, and the heart in some 
degree loose or pendulous, the influence of its own ac- 
tion is thrown upon itself, and is tilted forward against 
the inside of the chest.'' But this explanation, ingenious 
and plausible as it may appear, will not, it is contended, 
be found satisfactory upon minute examination. The 
position of the heart it is admitted could not be effected 
by the projection of blood singly out of its cavities. It 
is not supposed in this explanation that the heart was 
affected by the reaction of the blood, as in that case the 
blood must be considered to have moved at the time in 
a retrograde course, and for that purpose the straight 
would have been equally favourable with the curved line 
of the artery. With respect to the effects ascribed to the 
curvature of the aorta, it may be observed that no proof 
appears to be adduced of the supposed change taking 
place at the time ; that, from an examination of the con- 
nexions of the aorta with the parts with which it comes 
in contact in its course, it is not probable that such a 
change could be easily produced ; and that, allowing the 
vessel to be quite free and unattached, it would not be 
brought into a straight line by the impulse of the blood 
flowing through it ; as it is the law of fluids moving in 
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tabes to preBS equally on all sides. A sadsfactory fllas- 
tration of this law is daily exhibited in the ccmd acting of 
water from one place to another in pliant ilexiUe tubes. 
These pipes, though they may easily be extended into a 
straight line, and though a fluid may be impelled throogfa 
them with great impetaositVf retain the position, bow* 
ever curved it may be, in which they have been asm- 
dently placed. Bat admitting the force of the Uood to 
have a tendency to restore the curved aorta into a straight 
line, it is not conceivable that soch a d^ee of rigidity 
conld, by that means, have been given to diat vessel, as 
to enable it not only to elevate, by an nnfavourable lever, 
so massy a substance as the heart, bnt to drive it fora- 
Uy against the diest. 

Let us inquire, whether a more easy imd less excep* 
tionable explanation of this remarkable and interestiiig 
phenomenon, mi^ not be deduced from the pdndpks 
which we have in these pages been endeavouring to 
establish. 

It has been stated that the stroke whidh the heart 
impinges against the side is synchronous with the ept^ 
iole of the ventricles* The apex of the heart is brought 
nearer the base, and the dimensions <^ the body of the 
heart are decreased by die contraction of the ventrisksL 
Within a space of time too short to admit of measonep. 
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ment, the auricles are agumented in an inverse proper^ 
tioo. A small portion of the pericardium covering the 
Bfex of the heart is, in the ordinary position of the body, 
in contact with the side. During the contraction of the 
ventricles, the apex of the heart is drawn vividly and 
powerfully from the part of the side to which it is op- 
posed, and from which it is separated only by the peri« 
cardium ; and, in consequence, the portion of the sides 
is drawn inwards, so that al slight depression is occa- 
sioned in the intercostal musclbs ; but, on account of the 
greater facility with which the blood in the veins can 
be made to change its place, and of the impulse which 
it sustains either from the residue of the vis a terga^. 
from gravity, or from the contracting roots of the cava, 
the auricles are dilated, and the apex of the heart is not 
only rapidly restored to the place from which it had, iu 
a slight degree, withdrawn itself, and which had been 
occupied by the yielding substance of the side ; but an 
impulse from within is now to be sustained by the parts 
which, the instant before, had been drawn in an oppo- 
site direction. The range of movement which the 
yiddiug parts of the chest have to traverse in an out- 
ward direction, is lengthened, and the stroke which, in 
consequence of that movement, will be impinged against 
a body placed upon the external surface of these parts, 
must be proportionably more perceptible. 
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Some circumstancesi connected with the beadngs 
of the heart against the chest, require a more particular 
notice. 

The stroke of the heart is not always felt at the same 
partf and, in some situations of the body, is not felt at 
any part of the side. 

In consequence of the weight of the heart, of its beings 
in a great degree loose and pendulous, and of the range 
which the pericardium will give it, in the various direc- 
tions in which it may be urged by gravity ; the heart 
will slightly vary its place and position, with the varying 
positions of the body. When we place ourselves upon 
the right side, the apex of the heart will recede to a cer- 
tain extent from the part of the side to which it points, 
and the left lobe of the lungs will be extended down, 
wards, between it and the side.^In that case, the im- 
pulse to be sustained by the movement of the heart, 
will not, in ordinary circumstances,' extend to the side, 
bmA other positions of the body will give the apex of the 
heart a direction more elevated or more depressed than 
the common. 

Nor will the place of the chest against which the 
stroke is made be varied by changes in the position of 
the body alone j it will be altered by variations in the 
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force and in the balance of the circulation* The itnpulset 
which the body of the heart sustains and which is sup* 
posed to impel it against the side» proceeds from differ- 
ent points* The direction of the diagonal of the paral- 
lelogram formed by the currents from the cava and pul* 
monary veins, will be varied by the direction and force 
of those currents ; but the body of the heart will be im« 
pelled against the chest in the direction of this diagonal. 

When we consider the vehemence of the stroke tvhich 
the heart impinges against the chest, and at the sam^ 
time reflect upon the injury which the more solid parts^ 
and even bones, iu a short period sustains from the beat, 
ing of an aneurismal artery, we are struck with surprise 
that the left side and the heart itself do not exhibit 
marks of extensive destruction, from the long continu- 
ance and frequent repetition of the collisions that take 
place between them. 

The mode in which the heart and the parts impinged 
by it are protected, during these movements, from that 
injury which, from analogy of eflfects, was to have been 
inferred, may be collected from the preceding statement- 
Before the yielding part of the side has been pressed 
outwards, it had been drawn to a certain extent from 
its natural situation in the direction of the heart. The 
whole range of its outward movement is composed of a 



SOS 

resilient and an impelled action. No bjarions impref* 
sion can be sustained by the side daring the share of tbe 
movement by which it recovers its natnral positioD ; 
and it is only after it has passed the line of that positionf 
that any violent impaction can take place between it and 
the heart The positive stroke, made against the side by 
the heart, is not so great in reality as in appearance, and 
as the extent of the impulse sustained by the hand woold 
indicate. 

Another abundant source of protection, during these 
movements, is derived from the frequent change of the 
part of the heart by which the impaction is made, and of 
the part of the side which sustains it. The bone, agaiost 
which an aneurismal artery beats, is never for a moment 
relieved from the pressure of its action. According to 
the hypothesis of Dr. Hunter, the part of the back which 
served as a buttress to the aorta would always, and the 
part of the side against which the heart was tilted 
would generally, continue the same. But, according to 
the explanation of the phenomenon which we have ven^ 
tured to propose, both the instrument by which the blow 
is inflicted, and the objects sustaining it are changed by 
every variation in the position of the body, and in tbe 
relative forces of the greater and lesser circulation. 

It will readily be acknowledged by those whose oo 
cupationS) or accident, have kept tbe body long in the 
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ifttne position, that, on such occasions^ they have fre- 
quently felt, in the left side and in the region of the 
beart, an uneasiness which was soon removed by exer- 
cise, or change of position. 

As the weight of the atmosphere has evidently an im- 
portant influence upon the motion of the blood, it is rea- 
sonable to expect, that this influence will be modified by 
the amount of that weight ; and that, in general, the 
living body must be materially afiected by any great di- 
versity in the weight to which it is subjected by the at- 
mosphere. The slighter changes of atmospheric pres- 
sure, arising from changes in the general amount of 
that pressure, and usually indicated by the barometer, 
thongh capable of influencing the movements of the 
frame, in a degree which renders itself sufficiently per- 
ceptible to the feelings, and which is manifested by the 
flow of spirits and the bodily agility, are not calculated 
to produce efiiects sufficiently palpable for our examina- 
tion. For that purpose, we must have recourse to situa- 
tions where the difference between the pressure and that 
to which our bodies have been accustomed is more ex- 
tensive and permanent. Such a diminution of the weight 
of the atmosphere, as is fitted to produce effects suffici- 
ently observable to attract the notice of the philosophic 
traveller, is to be found on the summits of the most ele- 
vated mountains. The effects, which are produced upon 
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the body by great devation into the regbns of the at* 
moepherei were experienced by Saussare and his com«- 
panions in their journey to the top of Mount Blanc» and 
have been described with elegance and perspicuity by 
^hat celebrated traveller. 

It appears diat^'when Saussure aud his fellow travd^ 
lers had advanced to a considerable height in the moun- 
tain, they were seized with excessive fatigue which 
obliged them frequently to rest. Many of them were 
seized with faintings from which they completely re- 
covered after lying on the ground a short time. The 
pulse was quick and small ; the tongue parched ; the 
thirst great; the respiration laborious. Though the 
fatigue was excessive, and obliged them instantly to 
stop and rest, it , in many respects differed from that 
fatigue which is experienced after labour in lower regions* 
It was suddenly induced to the highest pitchy and as 
suddenly removed. After they had rested a few minutes 
they arose as fresh and as alert as they had been at the 
commencement of their journey^ But before they had 
proceeded many yards they were obliged to rest again. 
It was remarked that this difficulty in ascending hap- 
pened at a lower part of the mountain to some people 
than to others. Saussure does not describe the per- 
sons who were first affected in this manner, but says, 
that some men, who appeared very strong and capable 
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•f great labour without fatigue, could easily reach a cer. 
tain heighti but could ascend no further j that, when 
they attempted to go beyond this limit, they were seized 
with faintings. Some could advance higher than others 
without suflfering any inconvenience. He remarks fur- 
ther, that they were frequently seized with slight 
fasemorrfaages from the lungs ; that the whole body was 
unusually turgid and red ; and that the blood veesels 
were uncommonly full. 

From an account of a journey to the Peak of Teneriffe^ 
contained in the European Magazine, for December, 
1813, the following is an extract : 

*' In ascending" says the traveller, '* the highest part 
of the mountain, called the Sugar Loaf, which is very 
steep, our hearts panted and beat vehemently so tha^ 
as I observed before, we were obliged to stop above 
thirty times to take rest. But whether it was owing to 
the thinness of the air causing a difficulty of respiration> 
or to tlie uncommon fatigue which we suffered in climb- 
ing the hill, I cannot determine but believe that it was 
partly owing to one, and partly owing to the other. 
Our guide, a slim agile old man, was not affected in 
the same manner with us ; but climbed up with ease^ 
like a goat ; for he was one of those poor men, who 
earn their living by gathering brimstone in the caul- 
dron and other volcanoes. '' 



312 

M* Saussare has attempted to give an explanadop of 
these singular and interestbg pbenomena ; and is of 
<^inion that they arise from the rarefication of the at^ 
mosphere in these high regions. He argues» that, oa 
account of the lightness of the atmosphere, the volame 
of the air is greatly augmented ; that therefore a given 
bulk of this fluid contains less oxygen at the summit, 
than at any lower stage in the mountain ; that a suffici- 
ent quantity of this substance, which is well known to 
be necessary for the continuance of exertion and of life, 
18 not in a given time taken into the system by the actioa 
of respiration, for the purpose of the body under exer- 
cise } and that the fatigue arises from the w&nt of the 
due oxygenation of the blood. 

» 

But many strong objections may be urged agiuDst 
this explanation. It is to be observed that the expan- 
sile effects of levity upon the air in these high regions 
are in a great degree counteracted by the excessive cold, 
by which the elasticity of the fluid is diminished ; that, 
in consequence, the difference of oxygen, contained in 
equal bulks of air at the top and bottom of a high moun- 
tain, is not so great as was to have been expected by at- 
tending alone to the weight of the atmosphere in these 
different situations ; that the symptons which have been 
described are not usually exhibited by persons breathing 
an air heated to such a degree as to render it rarer than 
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it exist? ht liie top of the Ugbest mocmtaiiis, au4 are 
not such as are usually produced by breathing lur eon- 
taining a defidency of oxygen, which ocoasions stupors 
and other apoplectic symptoms ; that a greater quantity 
of oxygen is required by the system during labour than 
rest, is an bjrpothetical opinion ; that liie great want of 
oxygen here supposed should be suddenly removed from 
the system by the deficiency of expenditure, arising from 
a state of rest alone, without any increase in the si^Iy, 
of the substance, is altogether unreasonable ; and that 
the slight hssmorrhages from the hrags, the re&ess of 
the skin^ and the swellings of the blood vessels^ cannot 
be explained from a deficiency of oxygen ifi the system. 

It Vill be found, I trust, that the inconveniences 
which travellers experience, in aserading to the sum* 
mits of high mountains, are to be traced rather to me* 
chanieal than to chemical causes, and that tbey arise 
not from the rarity, but directly from the levity of the 
atmosphere. 

It ia well ktiown that the pressure of the atmosphero 
is less upon the summits of very high mountains than 
on the plains that are nearly level with the sea. If the 
weight of the atmosphere has upon the motion of the 
Uood really that influence which his been ascribed to it 
in the preoedidg pages, it was to be expected iihat the. 
2 s 
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motion of this fluidi and of course tlie actions of tba 
animal machine generally, must be materially affected 
by any considerable difference in the amount of that 
weight. The conclusions, which are fairly deducible 
by reason alone, are, in this instance, fully confirmed by 
observation. The singular affections, experienced by 
Saussure and other travellers, who have ascended into 
very elevated regions, are supposed to have been pro- 
duced in the following manner. 

As the weight of the atmosphere is supposed to have 
an important share in producing the diastole of the heart, 
it is reasonable to infer that the motions of this organ 
will be affected by any considerable alteration in the 
amount of this weight. To produce the effect required, 
it is necessary that the pressure should be sufficient to 
balance, not only a column of blood of several feet in 
height, in circumstances in which the resistance arising 
from gravity is augmented by the tenacity of the fluid 
and other causes ; but also to overcome the inertness of 
the strong substantial muscle inclosing the chambers of 
the heart. It may be admitted, that on the summits of 
the highest mountains which are placed on the face of 
this globe, thtre would s^ill be found a sufficient residue 
of pressure for accomplishing these purposes ; but it 
may be conceived to be so far diminished, as to become 
incapable of restoring the diastole of the heart with tbs 
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ordinary rapidity, and with that energy which ia con« 
sistent with health. In such circumstancee the func- 
tions of the heart would be more feebly discharged, and 
the circulation become more languid* 

It was remarked in a former part of this Treatise, 
when the effects of muscular action upon the motion of 
the venous blood were examined, that the circulation in 
the veins would be retarded by the pressure of the mus* 
cles upon the subjacent veins, in consequence of the ag- 
gregate of the bores of the vessels being greatest on the 
side of that pressure most remote from the heart. If 
further, a considerable diminution in the energy of those 
powers, by which the blood is returned to the heart, be 
accompanied by the obstructions which violent tfKercise 
is calculated to oppose to the circulation at this part, the 
blood will not reach the heart in sufficient quantity, but 
will be accumulated in the extreme vessels* Hence evi* 
dently would proceed faintings, suddenly overwhelming 
fatigue, redness of the skin, great distension of the su- 
perficial vessels, and slight haemorrhages from the lungs. 

The laborious breathing, ranked in the train of aiFec« 
tions which the travellers sufferQ<jt^ may be traced to 
similar causes, 

A very remarkable characteristic of thelassitude with 
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which the travellers to the top of Mount Blanc were 
affected, in so overwhelming a degree, was, that it was 
as suddenly and as completely removed by rest. After 
resting a little, they found themselves as alert and vigor- 
ous as they had been at the commencement of the 
ascent. 

Two causes seem, at that time, to have conspired ia 
restoring the activity of the body. The first was the 
horizontal position which the extreme lassitude and 
faintings forced them, more or less, to assume at short 
intervals. In this position the column of fluid, required 
to be balanced by the atmosphere, was greatly reduoed, 
and the blood, of course, more vigorously transmitted 
to the heart. Its determination to the centre of the 
system would also be favoured, in a greater d^eo^Jby 
gravity. Tlie other cause was the cessation of muscu- 
lar action ; as then the vis a iergo jceased to be coun- 
teracted in the veins by the pressure of the muscles. 

As the lassitude was not induced by muscular action 
repeated tM^tfa vehemence and for a long time ; whidi 
would hav^ ezha\isted the irritability of the muscles, 
and required a eoMiderable period of repose for the re- 
covery of that irritability ; but by a sudden abstraction 
of ibe ordinary stimuli } the moment at which the sti- 
muli were re>applied in the usual manner^ the excitement 



317 

of the system was rexiewed, and the vigour and ae^ 
tinty restored. 

It is worthy of remark that the lassitude came upoo 
some of the travellers sooner than upon others ; and 
that) in some instances, there was a defined state of 
elevation above which they could not ascend. Every 
attempt to conquer the higher ground proved abortive. 
The regions above a certain point seem to have been 
unfit for their existence. Saussure has not particularly 
described the persons who were first affected with un- 
conquerable lassitude ; but observes, that men, who 
were very robust, and who in other circumstances could 
undergo great labour without inconvenience, were soon 
subdued by this spedes of exertion. The guide who 
condacted the travellers to the Peak of Tenerifie, a 
little slim old man, was not affected in the least. All 
odier cireumstances being equal, it is presumed that the 
tallest and most robust would soonest reach the limits 
of the region fitted for their existence, as in them the 
column of blood to be supported and moved is higher 
and more resisted. 

It follows, from what has been stated, that this earth 
18 not habitable by animals above a certain magnitude ; 
and that, as the weight of the column of fluid contained 
by die animal madiine approaches nearer to a balance 
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first be abaAiloMa by ihe retiring tftud. Ttley wcfdld 
be drained by every profuse haemorrhage; and the 
heart would expend its energy in fruidess effottdi to 
drculate a flmd that came not within its reach* 

Although ample provision is miade for a ittfiBdcfot 
quantity of blood in due time to the he^rt^ llfis oigka is 
by a beautiful contrivance protected from all harmi imd 
is relieved from the injurious impulse \^hich o&erWitie 
it must have sustained, in resisting thi^ iitipcittioiis 
stream. We have seen that it is principally by die de- 
vation of a share of the atmospheric pressure from m 
convex surface of the pericardium, and of oousequenee 
from the blood in the venous trunks, that the momen- 
tum of the venous circulation is generated ; iMt it is 
only during their dilatation that this mondentdm toM 
affect the chambers of the heart ; that during dds 
period, yielding to a superior force, the wi^Is of dfs 
heart recede and become dilated in all direction ; btt 
that, as soon as they have reached that stat^ of dilata- 
tion at which their fibres might be overstretdicfdf ittd hi- 
jured by the momentum of the bloody the p^rk»r£fiiD 
has become dilated to its utmost capacity, and th^ pres^ 

• 

sure is equalized, on both the concave and Codvex^iDf^ 
faces of the heart.— The power which id J^eqalred to 

* • r • » 

resist the impulse of the blood is at this ndotnent frans* 
ferred from the heart to the strong tendiiious fetiW" 
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dium ; and the walls of the heart, at the only state in 
which thejr could be injared by the impetus of blood, 
sustain little more force than the hand does from the 
pressure of the air with which it is surrounded. 

■ 

It is by a contrivance no less beautiful and efficacionst 
that the coats of the veins are relieved from that lateral 
pressure wbioh> in-oFdinary eir^ umst a n cesy they roust 
have sustained, by supporting a column of blood ofteD 
of jseveral £i^t in beigbl ;. awl whick ava^ have sitrietch- 
ed ^etaa to sucih a deg^rea aa would hayet keM 'ifniwxf^ 
patible with the easy movements of the body* v^^ widi 
the safety of: the veaseb tliemaelv^eflu-^TlM^ eoi^ of tb^ 
veins evjdiriidy sustaia YmU taierai pppet^surc^ For tbf 
pvpoia of peret^i v4«9 tbe^ cause of thi s» il U B^^^imry 
to reeolWett lha« thei forces by whicU th^bbHKl \^ X^ 
Imn&i ff om fhe extireme vesn^k Ip tim ^mri% ^m ^ t^t 
iinds} tine one c^ntrifugil, defiw^ friHn tWb^^t 9^ 
aeterias y aadt tbei other ceutripotal* pr^o^diug ffoWr Hf^ 
.dimiaufeMii of resifatanae» m cooseqaeno«( of ai wm^ve^^ 
M Afue of atmospherie pressure, w the dir^cilipa of %hp 
heait Bf die former of these fofees» ibo <^at« 4^ th0 
vebs are dilated ; by tbe latter Aey Sfe pi^^efl \^r 
wacd»; and it ia by tjie proper bala«ci«g ^ tkms l#^ 
ioreesi that the mins are placed in diat ststo oC Mqr 
distensipii# whiob tbey are obaerved toi poasesik 
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1 T 18 well known, that the bodies of animals are en- 
dowed with the faculty of preserving the same heat ia 
every variety of climate* The blood of the bear, 
prowling over movntMns of iee in high northern lati- 
tttdes» is as wmrm, as it is^ when the same animal has 
been transported to the south of Europe, or even into 
die Torrid Zone. That a fluid, separated only by a 
ibin membrane, from a cold which would instantly con- 
vert Aat fluid, if extravasated, into a solid rock, should 
retain its liquidity and warmth, is a matter so wonder- 
ful, as to resemble the direct and constant operation of 
miraculous power, Mther than any of those proeesses, 
by whidi the phjrsical government of the world is, in 
other parts, conducted; It is not surprising, therefore, 
that tbia subject should, in all ages, have engaged the 
'station of the curious. But it is not ouly as a curious 
speculation that itis interesting. Animal heat conc^ras 
Ui in a more intimaie way; We 4tof ry it $lbout wiA m 



every day ; we are reminded of its icnportance bj every 
wind that blows ; .and we are satisfied, by early experi* 
eace, that without it, life itself would soon be lost, or 
retained only iu' misery. Since the important discoveries 
of what was called latent heat by Dr. Black, and of the 
composition of the atmosphere by Scheele, JLavoisierf 
and Priestley, the causes of animal heat have been in- 
vestigated with i4icr^»ased industry. By those great dis- 
coveries, they seemed to be brooght within the liniits of 
tbatdiHnaiOf ayer which thainltiUectaffnan ispermitled 
to r^nge. Since that memorable period, it may be said 
tlu^ the furnace has not ceasi^l to burn, nor the record-* 
ing page to be moist, m any region on which the ray« oS 
science have fallen. Notwithstanding animal heat has 
beea long a favorite subject of investigation among phi* 
lipappbera ; and though modern .Chemistry loudly boaata 
tbatishe has. supplied the means of unveiling this greai 
secret of na^ture^ it must be acknowledged that the mb^ 
jecC is alill involved in obscurity ; and the atudaot,. after 
having made himself atsquainted with aH the views, that 
have Jbean taken of the question, and after having long 
and patiently attempted to reoondUe iliacordaat statCi^ 
mente* ja^d to sdect the true conclusion from naany, ail 
appaT^i}4;ly deduced frons foithful e34)eriment, riserfroot 
the, ifMiJuiry with a.m^nd .stpred, it may be, »ritb;n»ttiak 
io^rtiant kooivledg^ bal; full of perplnxity^ aod^ widi 
respe^. t^Hm obje<(t.#f rteearoh^. as Jiitia eatiafied aa h» 
wae when be commenced the inquiry. 
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As in almost aU Ae thwrie^ ^driefa havebteo <)9ii» 
•tnieted^ and fNoticukrly in the • view » which I wn aboift 
tasidNDit to'die poblif^ the langa^ jii^the MMDmnliii'M 
kaBl» arerapposed to \» lhc«rgBtiB in whMr*^ b«ttl 
ia^^cvalvtd and regulaled, ami -from irfmh it 4s inns-! 
teiltod .to the rest of the body ; k'sewis/re^irfte to 
eommeDce the inqaiiy, by a'sbort'JeseriptioDvoftbeMlH 
itaaee ' of the luogs^ and mA an acaeonBt ef ^tbeir 
fMsbuiisin, so far atleast, as kmny seem Ho Ik sen* 
eeraedin die present inquiry* 

The Jungs are fiuniliar ta^yery one ; ^liiey ere fhat 
lavge paWred spongy mass, wbidi in the shMbtsriii 
daily to.be -seen snipeoded by die windpipe. 4n'tht»si« 
tnation, they are rougfay eorri^ated, angdar^ witb<'$oft» 
deep indentations, andgreatljrredaoed'inYekiaie. Th^ 
are then io what iatermedta slate of ^oeUiE^Nie^ ; InUlw 
living body* they fill neariy the vA^Wof the^dsBSt, wd 
aiSi in that estate, eaepanded ' into ^dimensions ^ far ^-meie 
SEtensim, than those which they oeenpy un arelMe'^ 
osUapse, or -that to which, when freed 'ftmb other' eis*' 
■asttobs, ' thqT' natarally reesde. As 4h» ^ nrtn njeno^ef 
ik'iAest^ asaigHned;for tbd occnpstien'Of ihe lungs^ Y«y 
aeiiaideraUy in >tliedMeventetate84t#f»rDepira«ioii*ai4l «x« 
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chest, «wifli the patkMies df Kthldb they are'at'at1> tines (tif 
tiotftaM, -fcecome eimsiclerabij more ^expsn^ed in all tfN 
ivf^se ^tiitsg' in^iraiiieni 'than dtHnfig*the*}oi!i^e«l'Stage 
tf ekfiiftttira ^/iMit'wiin in this' hist etage» «tlh^ijfre'al^ 
Wft3r8 of ^^^inA 'gfmdter 'vokiteie/ thttn^ai^^idh te« 
iMgS'tfirnhlieMiii'B stiite «f csHipsQ. The lutige eio^ 
ttttMe ofgan ooftsi stfirg df tvro 'lebes, iiibich ate isepei^ 
itid 'froQfr- eseh ^tfaer by bd lAtervetiin]^ ^menibctttte 
pheed ftHaeaUyiii'tnaii, and fassmg 'from (ihe breMt^ 
bone^toHftie'eimie'in'the nsiddle of tbediest. ^Rieseldbes 
MomnmetUte with each ^other dtfty -by the wiiydpipe* 
tv^hidh is a passage eomtnon to -both* Hie Itrngs^are 
sospended firotn the inside of ^the ohestat the top, 'hot at 
nD^her ^)floif do diey,'in at^teoffetfcct'faeaikb, ad* 
bere'iiillier'to dte^padtftes of 4heehest or 'to the niediM^ 
imaiii; b^'pefferm, In the' proeess df respiratioa, H 
tKdia^AiiKtticm'aleng fbe*siii^faoe c^f eadi. 

The liu^ may be expanded into dimensions far 
mm ««MniBiVe ^faan Aese to ^hieh "fhey titfCandly re« 
Mie'i0'«>detirflied'6tAte, aa^.may the r^aed iavariotttt 
iegtmm <6f thit'esquiiftidki, dwing tlie<wh<^'oo(irBe of si 
lMig)4ife^ /'iifMioot aoy^ajavy to iheh' staMMitiire. This 
piopMtiy "^y 'enjdy'prittJBipiliy Jti eotiseqaraee of ^tfae 
ihrtitiyiifthrtr ^tfiMttve. BMfefeut "aitbMaicn aiem 
to^ifoU»m^^U»illK6tmtM^ Some 



tiDDs, resiliate wlien the coinprewuig- po^cr is withn 
drawn, bto their former voiame^ without 4p49di9g pj; 
internal voids or interstices which require to be filled bj 
a foreiign body. To. this class pC sfibfttaotpea JmloQg .Ibe 
gases. But the elasticity which appertains to l^ \mg^ 
to g^m elastic, to sponge, aod other ^iil^l;aiices of that 
description^ is regulated by different laws* If a piece of 
lung be stretched in length beyoi^d its natural limits, it 
becomes proportionally thinner } and if pressed within 
those limits it becon^es thicker. In both sitaatio^is it 
fills up the. same space. If a substance of this natqra 
be extended into a larger volume, having all its ^ter* 
nal surfaces increased, it can only assume tl^is voluwef 
by the formation of internal cavities, the solid diinen-^ 
sions of which will be together equal t^ t^e solid ix^ 
mensions of the difference between the two volaioes.. 
These cavities must necessarily be occupied by some ex* 
traneous substance. 

. The lungs of the unborn fstus are in (he mo8|t com* 
pl.ete st^te of collapse ; th^y contain in that situation ^a. 
air, and their specific gravity is greater th^ .that of 
water. . Though all the vessels may be suppos^ to be. 
^rm^d,. which by their dilatatipn after hirtbt Jperout the 
lungs to be expanded into a much greasier votuin^ thm* 
vessels hjiViS ihjsu » ymy minute aedJUben fiUed with bM 



ted rnoctis. Aftcrl^itb, am finds aeccsaf iti'tb t^ Vessels 
dfthelangSy and assists in filling the internal cavitiesi 
iiovr gtdttty enliir^ed. . 

k ! ' . • * ... 

The pdvtrer with which an elastic substance resiliates 
^1 6e,'f n some measore, proportioned to the degree of 
stretching, to which it is at that time subjected* If it 
be sopposed, that all parts of the lungs are equally 
elastic, and that, at every stage of dilatation, the power 
by which they are stretched Is equally distributed through- 
ontthe whole substancei it follows, that all the fibres com- 
posing the lungs will be equally stretched. For, if any 
part of the lungs were more stretched than another, a 
power would be generated in that part, which would 
aict against the weaker power in the adjoining substance, 
until a balance was restored, which would be, when the 
stretching of the different portions was equal. 

It results from these suppositions, that when the Inngs 
are expanded to any given degree, the aggregate of the 
ittteriial cavities, or of the caliber of vessels which belong 
fjo any portiod of lung, is equal to tlie same aggregate 
in any other portion of the same extent. 

It also necessarily follows that at any given stage of 
Ai dilatation of the laags, the aggregate amount of the 
vasoalor e^vides is ficed^ tni that this amount is equally 
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iRfltributid dvooghiMit A* orf as. . Thi VMirift^wKiii 
mner mt#d»8truirt«re o£ timings^ aMbmbidibf thair 
dilatation permits the expansion of thin orgaoy sieyt U 
any stage of that expansion, be compared to rigid tubes 
the caliber ef which is ixed aiid indbpradentb But if 
another and a higher steg* of cspansionbt taksiiy.iie 
caliber witt still be fixedv and wdU itcsembhr rigid tabti 
of a gresftar size; 

We are, in the next place, to examine the ressels of 
the longsr, or those varying cavities which are planed in 
the interior, and which are necessary to thid movemtnli 
of these organs. The diief of these are the b^oocKi or 
air vessels, and the pnlmonary arteries and veins, wiA 
their ramifications. Of these the description' need odff 
to be short and genera) ; and first wiA iMpeet to the 
air vessels; 

As soon as the windpipe enters the olest fironi tbe 
neck, it divides inte two branches^ oqe of which giMti 
the right, and die other to Ihe left tebe of Ae longs' 
Each of thosebrancbes, rmiifies in<o 9 number oi^mikr^ 
and these again 'iftto others smaller still ;. and thi^s the 
process is continued, till the ultimate ramifications k* 
come extremely small and iufiHit^y n«iieroos» The 
structure of Aese vessslft iti at first fike thai of dietvadNi 
cart9ittgtnoas, buf the capCiliigtfioM slrostttW'iesa'^ 
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tppt&r^) ftB(} is auec^eeded by that of simply ejastie meta* 
hmo«% The ramifications of ' the, bronchi .©Kistin every 
and t^ 015^ minute portion of the langs. Indeed with 
mmQ interstitial. matter, they seem to compose the chief 
part of the pukiionary stracture. They freely, commu- 
nicpto with eai^ other by means of anastomosing 
braocbeSf^ With respect to their terminations and 
commanications, we shall afterwards have to speak. 

• Tlie. bipod, vessels are the pulmonary arteries and 
y^jns. The pulmonary artery arises from the right ven- 
tricle, of the heait and soon divides into two branches, 
of which oae gpes.tp the right, and the other to the left 
lobe of the lungs. The extreme and most 'minute pul- 
monary veins, uniting in parcels to form branches, and 
•^^^ agajn nniting to form larger, at last end in four 
trunks, which pour their contents into the left auricle of 
the heart. 

The extreme, or, as they are called, capillary termi- 
nations botihv of the arteries and veins have two commu- 
;nication8 which require to be noticed. The arterial ca- 
(pillanss have a connection with the venous. Through 
this GO^ncictioo the blood passes, in the course of its 
circulatioD^. frqm the arteries into the veins. But be- 
sides: tbeset the pulmonary arteries, as well as those be- 
•looging tp .tliQ larger circttIatipo« have termioations 
2u 
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trough which red blood is not transmitted. These open 
into the internal surface of the bronchii and from their 
office are called exhalants. It is uow well establishedi 
that the veins are also well furnished at their extremi- 
ties with openings, which do not admit, in ordinary 
circumstances, the red part of the blood. That the puU 
monary veins are furnished with such openings, suffici- 
ent proof will be supplied in the sequel. These open- 
ings perform an office the reverse of that of the arterial 
exhalants. They take up substances from the surface 
of the bronchi, and on that account have been termed 
imbibers. It does not seem necessary for our purpose, 
to give any account of the nerves^ or of the lymphatic 
vessels of the lungs. 

The vessels now enumerated form the internal cavi- 
ties, the dimensions of which vary, according to the 
varying volume of the lungs. Without such cavities it 
is evident that the lungs could not be expanded, nor the 
chest dilated by any moderate force. 

But to enable the vessels to accommodate themselves 
to the various sizes required for the office assigned to 
theoif there must exist a supply of materials ai extr(h 
from which these cavities, increasing with the volume 
of the lungs on inspiration, may be readily fiUed \ and 
also convenient passages, through which the aupeni- 
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bilndant sobstanee may be discharged, whea this capa-t 
eity decfeasesy with the ^decreasing volume of the lungs 
in expiration. As the air vessels communicate freely 
with the windpipe, and that with the external air, there 
exists a ready channel, both for the reception and dis<p 
charge of matter, according as they are made to assume 
a greater of a less capacity. But it is not quite so evi^ 
dent from what sources the materials are drawn, to aU 
low the blood vessels to assume their share of expansion, 
which the structure of the lungs would appear to render 
necessary during inspiration ; or through what channel, 
the superabundant contents of these vessels are discharg- 
ed out of the chest during inspiration. Neither can 
the matter supposed to be introduced into the increasing 
cavity of the blood vessels during inspiration, cor that 
di^iu'ged from the same, as it diminishes during ex- 
piratio^ny consist of blood : for no blood can enter the 
pulmoniury arteries, or be discharged out of the puloao- 
nary veins, except through the portals of the heart. But 
theto pottak do not open and close in correspondence 
with the required periods of supply and discharge. The 
movements of the heart are not timed by the mov4»- 
metits of the lungs. Four pulsations of the heart may 
generally be counted during each complete respiradoo. 
It may indeed accidentally happen, that a discharge of 
blood may be made into the pulmonary arteries, at the 
Jtkoment in which inspiration commences, but, at the 
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fame moment, an equal qaantity is abstracted from Htm 
pulmonary veins to fill the enlarging auricle d the left 
side of the heart. Whenever then, a quantity of blood 
is thrown into the chest, an equal quantity is» in the 
same period, discharged out of it ; and also every dis' 
charge of blood from the thorax is accompanied by the 
entrance of an equal quantity through another channel 
The quantity of blood therefore at any time contained 
by the lungs does not appear to be at all modified by 
respiration. 

We have been led therefore to look oat for other 
channels, through which materials may flow into and be 
discharged from the blood vessels of the lapgs» in the 
different stages of inspiration and expiration, and in oar 
search after these, we have been conducted to that vievr 
of the origin of animal heat, which is now to be sub- 
mitted to the candid consideration of the pablic* 

I shall then, in the first place, exhibit the view which 
has at least the merit of simplicity. I shall then ex- 
amine those opinions which may be supposed to cod- 
stitute the present creed of philosophers on this subjecl, 
and, in conclusion, adduce those additional proofs io 
support of my own hypothesis, which there may hare 
been no opportunity of introducing in the preceding ex- 
amination of the opinions of others. Tliis process willy 
I trust, altc^ethcr be found satisfactory. 
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' As, during inspiration, the chest is at once faolii 
widefied and deepened, and the volumn of the lungs be«^ 
comes at that time greatly enlarged, the cavities in the 
interior of these organs are proportionally augmented. 
While tbitse cavities are enlarging, the contents of them 
are subjected to a diminished pressure. To restore to 
the substance' within the luugs an equality of pressure 
with that of the substances without them, the air rushes 
down the windpipe, and fills the enlarging air-vessels. 
Bnt the inequality of pressure does not end here. The 
air-vessels are powerfnlly elastic and resist further dis« 
tention. One part of the substance of the lungs becomes 
more stretched than another. In consequence, the con- 
tents of the blood vessels of the lungs are subjected to a 
less degree of pressure than the rest of the system. 
Our observations on th^ effects, of this diminution of 
pressure shall be confined, at present, to the contents of 
the pulnaonary veins. In these circumstancesi the air 
received into the windpipe will not terminate its pro- 
gress with the bronchi. It will necessarily pursue the 
less resisted course, and passing through the openingjs 
between the bronchi and the pulmonary veins — openings 
now greatly enlarged — will enter into the cavity of the 
veins, and enable those vessels to assume that proper* 
tiou of dilatation, which, during the increased volume 
of the lungs belongs to them. The air thus introduced 
by a lliousaqd minute passages into the blood becomes 
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intimatdy niiogkd with it. Partly by mechanicals and 
partly by chemical agedcyt a portion of this airt whik 
the blood with which it is commixed is still Id the loogSi 
is converted from the aerial bto the flaid state. Thd 
consequence of this conversion is well known to be ao 
evolntion of heat. But all the inspired air is not con* 
. verted into liquid in the pulmonary veins. Aftw the 
passage of the blood out of the lungs, a portion of it still 
retains the gtaeouB condition ; it is mingled with tb« 
blood in the form of small globules, and in this state is 
transmitted by the heart into the aortic system. In it9 
ptesage through this system to all parts of the body, it 
is gradually converted into a liquid form ; as this con^ 
venion takes place, giving out heat. As, therefore, ths 
stream of blood proceeds on its course from the heart 
to the estremities, it receives from itself a new supply 
of heat, find is thus enabled to preserve the same tern- 
peratnre, throughout a course in which its beat k 
rajndly conducted from it| into the surrounding sub- 
stitnces. When the blood has readied the capillary 
arteries, the conversion of air into liquid may be sup- 
posed to have been completed. The blood thus passes 
fit>m the arteries into the venous systeoK But, it is 
not the Mood alone which at this part enters the veiM. 
The ataimal fA/cic is in a constant state of renovation*^ 
tt waste, and repair. The substances of wUdt th^ Iiv« 
itig tody is composed MJM ia diat body, m a etatts 
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different from tll^t to which tkeir natural affinities would 
bring tbem^ The waste of the system may be said to 
iirise froqn th^ tendency! which the different parts of the 
body have, to yield to their natural affinities. Those 
subetanees which have yielded to their natural affinitiest 
80 88 to become impure or offensive, require to be disv 
diarg^d. The important office of removing from the 
body the impurities which are the result of decay^ is 
is a great degree performed by the veins. Some parts 
of the blood itself will, in every circuity have undergone, 
from the causes wbioh have been stated, the deleterious 
cbsDge which unfits it for longer residence in the sys? 
tein^ Some parts of the solids will, in the same period^ 
have undergone the sakne change. These being separa* 
ted, are taken up by the imbibing ramifications of the 
capillary veins, and, along with the blood from the arr 
ttrwl flapillariesj enter the red veins. The introduction 
of these results of decay into the venous blood is mani- 
fested by an alteration of its color. It is converted from 
a vermilion, into q purple hue. Loaded with what 
may be called excremei^titious matter, it is returned to 
l^e right side of the heart, from whence it is thrown by 
jets i«to thie pulmonary arteries. 

\VliCB m the pulmonary arteries, in the period of in*- 
SfNratioaj tbe blood is subjected, for reasons which have 
been assigned, to a diminished pressure. It is placed^ 
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as it were, in the exhausted receiver of an air pamp. 
Under this diminished pressure, and at the temperature 
it possseses, gases are evolved from it, and a part of 
the blood is converted into air. In consequence of the 
great reduction of temperature accompanying the con* 
version of a liquid or solid into a gas, this evolution of 
gaseous matter wonld soon terminate ; but, at the in- 
stant, in which a part of the blood in the arteries is con- 
verted into air, air in the veins is converted into fluid; 
and, by this means, the heat of the blood in the arteries, 
during the period that it supports a diminished pres- 
sure, is kept up at the temperature, at which the ebul- 
lition is continued, by the conversion of the requisite 
parts of it into gas. Those parts of the blood which 
are yielding to their natural affinities, which are alr^dy 
in a state approaching to fermentation, those iiiipurities 
with which the venous system is loaded, most readily^ 
in these circumstances assume the gaseous form. By 
the formation of an elastic fluid, the pulmonary arteries 
are enabled to assume that augmented cailib^r, to which 
they are urged in consequence of the expansion of the 
lungs. They are thus qnalified to take their share of 
the dilatation. In the succeeding expiration, the Ini^) 
resiliating upon the pulmonary arteries, press these ves- 
sels into their former caliber ; which, however, in the 
changed circumstances they can only resume, by the ex« 
pulsion of some of their contents. In this state, the at* 
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tenaated aerial matter finds a ready exit, tbrougb the 
capillary vessels of arteries which open into the bronchiy 
and which, in ordinary circumstances, do not carry red 
blood ; and then, makes its exit through the windpipe* 
The 4)lood now shows its liberation from the adultera- 
tions with which it was charged, by resuming the ver- 
milion hue ; by being converted from venous into arte- 
rial blood, and is again fitted to be the vehicle of heat 
and of nutfiment to the whole system. 

In this view of the subject, the lungs serve the dou*- 
ble purpose of a furnace and a refrigeratory. Such an 
accumulation of heiat, arising from the rapid conversion 
of a quantity of air into liquid, as might be destructive 
to the organ, is prevented, by the stimultaneous conver- 
sion of . a fluid into air in the adjoining vessels ; and^ 
unless an excess of heat was generated in the pulmonary 
veins, tp be supplied to the blood rapidly cooling in the 
pulmonary arteries, that ebuUiton, supposed to be so ne- 
cessary for freeing the venous blood from its impurities, 
would not take place. 

According to the preceding view, the greater part of 
the air which we inspire, is received into the blood ves* 
sels of the lungs, and mingled with their contents ; and 
gradually changing its form is circulated, with those 
contents, through the whple system. The part of the 
2x 
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air which has been inspired is discharged from the wbd* 
pipe io an nndecoroposed state. On the contrary) the 
greater part of the air expired has proceeded from the 
venous blood returned to the lungs, and consists of the 
usual gaseous products of the vegetable and animal fer* 
mentation. These are carbonic acid gas, nitrogen gas, 
hydrogen gas, to which may be added a watery vapour, 
of which the source is more uncertain. 

Having given an outline of our hypothesis, we are 
*now to adduce the proofs by which we hope to establish 
the truth of the different parts of it. This attempt it 
seems advisable to commence with an examination of 
the chief hypotheses which have been maintained re- 
specting the sources of animal heat. It will be sufficieDt 
to confine this examination to some of those of a re- 
cent date, and having still a great share in the form* 
ation of the general opinion. For this purpose, we 
shall select the opinions of Lavoisier and of Crawford, 
Theories, which superceded all the preceding, and of 
which all the subsequent are only modifications. 

Having proved that combustion was effected fay the 
nnion of oxygen with aninflammable body, and surveying » 
from the splendid edifice which he had raised on the 
ruins of the doctrine of Phlogiston ( long deemed an 
impregnable fortress in the philosophical world ) the 
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eictent of the sovereignty he bad acquired in the natural 
Inagdom, Lavoisier threw a penetrating eye upon the 
phenomena of respiration ; and pursuing the analogies 
wfaidi appeared between it and the process of combos*- 
tiMj was led to the conclusion, that respiration was a 
slow combustion, by which animal heat was supplied, 
aad consequently claimed it as a province of his own. 

Hie atmospheric air had been ascertained to be oom" 
posed of nitrogen and oxygen gases, in the proportion 
nearly of four of the former to one of the latter. The^ 
air liDQitted in expiration, was found to be composed of 
iiiirogen and carbonic acid gases. From these facts, it 
was inferred that the air inspired had undergone a de^ 
composition, or a separation of its constituent parts, 
daring its residence in the longs ; that the part consist- 
iiig of nitrogen gas was returned unchanged, while the 
oxygieii uniling with the carbon, supposed to float loosely 
on die venous blood, formed with it carbonic acid gas, 
whidi, along with the nitrogenous gas constituted tlie 
ezjnred air. What seemed to give great force to tins 
sappositioB was, that the first experiments on the sub- 
ject made the consumption of oxygen just equal to that 
which was required to form the quantity of carbonic 
«eid gas expired, Hatzenfratz found that the quaniity 
of oxygen, which disappeared in the process of rmpU 
ration, was grater than what was necessary to form 
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die carbonic acid expelled. But a watery vapour wai 
expelled also.* The excess of oxygen was snj^sed to 
unite with the hydrogen (also according to suppositioni 
floating loosely in the blood with carbon) forming water, 
which was discharged in the shape of vapour. The heat 
evolved by the conversion of oxygen gas into a liquidi 
minus that quantity expended in converting the carbon 
with oxygen into carbonic acid gas, and the hydrc^en 
with oxygen into vapour, was supposed to constitute 
that heat, which being carried along with the blood in 
the course of its circulation, gave to every part of the 
body an equality of temperature, in all circumstances. 
The separation of the hydrocarburet from the blood was 
supposed to convert it from venous to arterial blood, 
and to change it from the purple to the vermilion hue. 

Dr. Crawford, of Glasgow, about the same time, or 
perhaps before Lavoisier, was led to the same views ; but 
he carried his theory further than Lavoisier had done, 
and certainly gave it a more perfect form. He did not 
limit the production of heat to excess evolved in the re- 
duction of one gas, over that consumed by the forma- 
tion of others, but he contended that by the removal of 
hydrogen and carbon ft'om the blood, its capacity for 
heat was changed ; that in passing from the venous 
into arterial blood, that capacity was increased, and 
that it therefore employed a greater quantity of hea^ 
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i¥tth(mt iocreasing its temperature. But he contendedy 
that the capacity of the arterial blood thus formed, be- 
gBn to diminish as it advacced io its progress ; that it 
became, as it were, more veuous ; and that process of 
diminishing capacity continued, till it returned to the 
heart again ; and that in this way the temperature of 
the blood was preserved, notwithstanding its necessary 
communication with the cooler substances, by which, in 
its course, it might be surrounded. 

The foundation upon which the doctrine of Crawford 
was raised— the diversity between the capacities of. ve- 
DOiis and arterial blood for heat — has not stood the test 
of the rigid examination to which it has been subjected* 
Indeed, if there is any difference in those capacities, 
that difference, I suspect, will not be found in favour of 
the hypothesis of Crawford. We have to return there- 
fore to the narrower view exhibited by Lavoisier, and 
which, with some variations, is still the doctrine of the 
day. 

The fundamental parts of this doctrine are, that two 
substances in the form of gas constituting atmospheri- 
cal air are separated in the lungs ; that the oxygenous 
part, after uniting with the carbon or hydrocarburet 
floating in the blood, is discharged in the form of car- 
bonic acid gas and vapour^ and that the nitrogen gas. 



SiS 

ibe other constboents of atmosplierical air ( lor I pass 
-over the small quantity of carbonic acid foand io it ) is 
Tetumed with the newly formed carbonic add gas and 
Taponr, Arongh the windpipe. 

Such objections to this hypothecs, as appear to lae 
to be insormonntable, present themselves at the very out- 
set* The combination must take place with carbon, sap-* 
posed to exist in the blood in a disengaged state, not 
hj coming freely in contact with the air, bat through 
mn exceedingly thin, and it may be porons membrane, 
and must take place in a few seconds* The slight tao- 
sient change of colour, which is observed on the sorfaoe 
of venous blood contained in a bladder, exposed to a 
stream of oxygen gas, is the only fact by which this 
most improbable supposition is supported* But why 
does not venous blood assume the vermilion oolow, when 
oxposed to an atmosphere of oxygen gas withoot any io- 
4terventog membrane ? Though it may redden a little 
<^n the very surface at first, it becomes in a short time, 
instead of arterial, more decidedly venous ; instead of 
vermilion, its colour becomes that q( a deeper purple. 
What pro<tf is to be found that carbim exists in a &• 
^engaged state in die blood ? It is weU known that 
'Carbonic acid is contained in die venous blood m grsat 
mbandanoe. The experiments of Air Bvaside, Profianor 
4of Chemistry to the London Royal lostitiition, makefile 
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qimiititjr to be four cubic inches of this substance^ when 
converted into gas, belonging to every ounce of blood. 
Though I conceive the amount here stated to be greatly 
over-rated, therei can be no doubt that carbonic acid ex* 
ists in the blood, in considerable quantity. If I under- 
stand aright the doctrine of Berthollet, carbon could not 
exist in this state in an entirely disengaged form, it must 
already have combined with some oxygen, which would 
diminish the force of its attraction for the oxygen of the 
atmospheric air. But it is only the carbon in contact 
with the fine membrane that could be affected : what 
existed in the interior of the stream, how small soever, 
would not be combined. Such a rapid formation of so 
great a quantity of carbonic acid would be accompanied 
with other phenomena. There is no other known chemi> 
cal operation, which, in all its circumstances, is similar 
to this now supposed. The only argument in support of 
it is, that oxygen has disappeared, which can in no other 
way be accounted for. But this is a deceptive mode 
of reasoning, and can never be relied upon excepting in 
the science of pure mathematics. When Dr. Hales found 
that the venous blood, though flowing with the same 
vdoci^ as an equal column of arterial, had not the same 
momentum, it was this species of reasoning that induced 
that philosopher to conclude, that the motion of the 
Uood was exempt from those laws, by which the motion 
of all other sobstances is regulated. But it is now 
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koown that the motion of this fluid, notwitbst^pdiug the 
correctness of Dr. Hales' experiments, is made ia strict 
comformicy to the laws of hydraulics. But proofs are 
supplied 1 think, by Lavoisier's own experiments, that 
carbonic acid is expelled in breathing, in circumstances, 
in which the oxygenous part of the composition could 
not be supplied from the inspired air. In his remark* 
able experiments on guinea pigs, he found that air con* 
taining only one part of oxygen in fifteen, the rest being 
nitrogen, was sufficient for the support of these animals 
for any length of time, and with their usual vivacity, 
provided the carbonic acid that was formed, was instant* 
ly separated from the expired air, and prevented from 
being again inspired ; and, in this case, the carbonic 
acid continued to be expired, in the same manner as 
when these animals breathed an atmosphere containing 
nearly one fifth of oxygen. No one will surely contend, 
that the oxygen necessary to form the acid, was in this 
case taken from the inspired air. When tlie proportion 
of oxygen is so small, its further separation from the ni- 
trogen becomes an operation of great difficulty, requiring 
the most powerful chemical agents. Sup{>08ing, con* 
trary to all experience, that the whole of this oxygen 
were separated, it would still be insufficient to form the 
quantity of carbonic acid, which seems to have been ex- 
pired in as great a quantity as when the animal breathed 
an air containing many times the amount of oxygen- 
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We have here then a decided proof, that the carbonic 
acid gas discharged in expiration does not always re- 
quire the inhaling of oxygen for its formation. But it 
may be urged, that the inspiration of oxygen must take 
place in the lungs, as the nitrogenous gas is expired in 
a separate state, or in a state containing still less oxy- 
gen. Bat what proof is to be found that this nitro- 
genous gas is wholly the identical nitrogen that had 
been inhaled ? The experiments of J urine of Geneva 
afford^ in my opinion, complete proof to the contrary. 
When that gentleman inspired an air consisting of pure 
oxygen, he found that the air expelled in the succeed- 
ing expiration, still contained nitrogen, and nearly in as 
great proportion as when atmospbeiical air had been in* 
baled ; and further, when atmospherical air was breath- 
ed, a greater quantity of nitrogen gas was discharged 
in expiration than had been admitted into the lungs in 
inspiration. In the first case, no nitrogen nor any thing 
from which it could be formed was inspired. The ni- 
trogen gas expired must have been derived from other 
sources than the air ; and, in the other instance, when at- 
mospherical air was inspired, a portion, at least, of the 
nitrogen gas expired must have been derived from some 
other fountain than the air inhaled in the preceding in^ 
spiration. Nitrogen gas, therefore, may be discharged 
without the necessity of supposing a decomposition of 
the air in the lungs. All the constituents therefore of ' 
2 Y 
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the air expired, are expired, in certain cases at least, in 
which it is impossible they could, in any part, be de- 
rived frona the air pieviously inhaled. There is no oc- 
casion therefore for the highly improbable supposition 
of a decomposition of the atmosphere in the lungs, to 
aocoant for the phenomena of expiration* 

Supposing still the theory of Lavoisier, or any modi- 
fication of it which has hitherto appeared, to be true, the 
phenomena of animal heat are not explained by it« All 
the heat which respiration supplies is supposed to be 
evolved in the lungs. The heat of the blood in the lungs 
roust be greater, than that of the same blood when it 
has arrived at the extremities, especially if the surround- 
ing atmosphere has been cold, or considerable evapora- 
tion has taken place from the surface of the body. But 
this is not sanctioned by the observation which faithful 
escperiment has enabled us to make. 

The hypothesis then which has for its foundation the 
decomposition of the atmospheric air in the lungs must 
necessarily be altogether rejected. In the subversion 
of this hypothesis, we shall be found, I trust, to have 
made considerable progress towards the establishmeDt 
of that which has been proposed. We have not only 
obtained the negative proof in favour of our hypothesis, 
that no other has beeu found to be true, but some part 



.\ 



S47 

of it has even been established. It has been ascertained, 
that nitrogen and carbonic acid gases can find access 
into the bronchi without entering by the windpipe ; and 
that there is no other conceivable source from whence 
these gases could have sprung, excepting the blood in 
the pulmonary vessels. It may I think be safely in- 
ferred from the preceding examination, that the air in- 
^ired may find its way from the bronchi, without being 
transmitted, back through the windpipe, or without 
being decomposed. But the proofs we have -hitherto 
bad an opportunity of adducing of this important part 
of our inqniry are not clear and decisive. We are next 
then to adduce those proofs, by which the existence of 
the supposed passages for the air from the bronchi into 
the pulmonary veins is believed to be established.. We 
have first to observe that the existence of those passages 
is rendered probable by the analogy of structure. But 
in opposition to this supposition, it will no doubt be 
urged that if the lungs be removed from the body, and 
fully inflated by blowing through the windpipe, air 
ought to :pass through the supposed channels into the 
pulmonary veins, but that it does not in these circum- 
stances do so. In answer to this objection it may be 
observed that when the lungs are dilated in this manner, 
only one class of vessels belonging to the lungs is dis- 
tended. No force is applied to dilate the blood vessels. 
On the contrary the pressure upon their external surface 
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18 by this operation increased. When the longs are 
taken out of the body they are in a state of collapse. 
The vessels of every description contained by them are 
reduced to the smallest caliber, that their contents will 
permit them to take. The venons capillaries supposed 
to pass from the bronchi, being empty, will be near- 
ly closed. Pressure, in that case applied to ^their 
mouths, will not open them, but close them still more 
securely, by making the sides of those mouths act as 
valves ; especially if, as most certainly will be the case, 
these vessels enter the bronchi with some degree of ob« 
liquity. Hence it happens that when part of the gut of 
an animal is inflated. with air, it is found to be air-tight; 
although it is well known, that between the internal and 
external surfaces of the gut, there existed passages, 
through which during the life of the animal the nourish- 
ment was transmitted, in its course from the alimentai^ 
canal to the blood. Hence, it appears to me, that there 
was a great defect in an experiment lately made by Ma- 
jendie to ascertain the vascular structure of the lungs. 
That physiologist inflated the lungs with air to their 
utmost extent, and when they had been kept in that 
state, till they had become dry, and had lost all elastic 
power, he sliced them in expectation of finding all the 
vessels, in the condition in which they exist during life. 
But one class of vessels, the air vessels, were alone di- 
lated on this experiment. The course of these vessels 
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80 far as it extended, might have been seen to advantage, 
but. by no means the further communications which they 
might have had with the veins. Had he dilated the 
lungSi not by blowing into the windpipe, but by remov- 
ing a part of the asmospherical pressure from their ex. 
ternal surface, he would have imitated the process of 
nature in expanding those organs, and all the internal 
vessels, both sanguineous and aerial would have been 
proportionally dilated. The slicing them when dry 
might then have been expected to have exhibited a true 
picture of the pulmonary structure. 

The existence of the communications contended for is 
supported, by the analogies supplied by comparative ana- 
tomy. The air vessels in many insects, as in the locust 
and silk-worm, are observed to communicate freely 
with the blood vessels, from which, the return of air or 
any liquid is prevented by well adapted valves. 

The opinwn, that air passed directly into the pulmo- 
nary veins in breathing, was maintained long ago, by 
many physicians. In the year 1739, Berthier of Bour- 
deaux published a work, on the passage of the atmo- 
sherical air into the pulmonary veins, which, on its ap- 
pearance, was crowned by the faculty of medicine. I 
have not had an opportunity of examining the work it- 
self, but, from the short abridgement of it, contained in 
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Haller's fiuthfbl record of all preceding physiological 
research, it appears that substances capable of being io*- 
laired, and at the same time of indicating their presence 
by sensible qilalitiesy when mixed with blood, were re- 
ceived into the lungs with the air ; these substances 
were found upon examining the animal after deaAy to 
have passed into the blood, Id this way finely levigated 
powder of stone and of metal, minute particles of lead, 
and numerous other substances were found to have oth 
tained a passage from the lungs into the pulmonary 
veins, and the left chambers of the heart, Haller a^ 
pears to have agreed on this subject with Berthier, 
and the same opinion Has been advanced iu our time by 
the late Mr. Abemethy, of London. 

It has generally been supposed that, when an animal 
is drowned, none of the fluid in which the animal has 
been immersed enters the windpipe. This opinion has 
arisen from the circumstance, that no water is found in 
die windpipe, or any of its branches of an animal re- 
cently drowned. The opinion, that water does not enter 
the windpipe of an animal in the act of drowning, iseno- 
neous ; it does so freely ; in the various exp^ments which 
I have made, to ascertain this point, I invariably found 
the lungs greatly distended ; that they never collapsed 
when the chest was opened, and that the usual collaps- 
ing of these organs was prevented by their being filled 
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with water, an incompressible fluid, instectd of air. I 
drowned rabbits in milk ; I found the lunga distended 
without collapsing in the least. The whole substance 
of the lungs was as white as the milk in which they had 
been immersed. The milk I found had reached the left 
auricle of the heart. The reason why water is not found 
in the windpipe of an animal that has been drowned, or 
in any of its ramifications, appears to be this ; while in 
the water, the body of the animal is subjected to the 
weight of a column of water, in addition to that of the 
the pressure of the atmosphere. This additional pres« 
sure acta against the diaphragm and ribs, and lessens 
the dimensions of the chest. The dioaensions of the 
lungs are lessened to the same degree. But when the 
drowned animal is taken out of the water, the pressure 
made by the column of water, which the body supported 
when immersed, is removed ; the chest expands to n 
certain extent, and the lungs, necessarily following this 
expansion, become enlarged, and imbibe, from the trachea 
and its branches, the water, with which they were filled 
during the immersion of the body* This conclusion haa^ 
been, in the most satisfartory manner, confirmed by the 
experiments of M. Piolet» of ParUi. M. Piolet aubp 
mersed varioos animals in. the prossi^te pf potash, and 
in all cases ascertained the presenoe of that substance* 
in the pulmonary veins ; in the left auricle and ventricle 
of the heart i in the aortic system y and all the secretions 
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which derive their origin from that system. M. Piokt 
ascertained, by numerous experiments, that pQlmooary 
absorption applies to gases, vapours, intoxicating fames, 
and to putrid miasmata. 

« 

The experiments of Dr. Meyer, of Germany, made 
prior to those of M. Piolet, also prove that liquids pour* 
ed into the windpipe, readily find a passage into the 
pulmonary veins, and into tbe left auricle and ventricle 
of the heart, with the blood of which they mix. 

The next question is, what becomes of the air which 
is admitted into the pulmonary veins during inspiration. 
Some eminent Chemists of the day^ particularly Dr. 
Thomson of Glasgow, admit the absorption of atmospher- 
ical air by the lungs, but contend that it is decomposed, 
and that the nitrogenous part of the air is afterwards 
discharged. The only circumstance in support of this 
opinion is the existence of nitrogen gas in the air expired, 
separated as it is supposed from the oxygen ; but all 
the arguments which have already been advanced against 
the decomposition of the atmospheric air in the lungs, 
bear with equal force against this supposition. It would 
appear further, that the gas which had entered the poK 
monary veins could not be returned, in consequence of 
the valves with which there is every reason to suppose 
these vessels to be furnished ; and a strong argument 
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mikvour of theexktentfe of such valves is, that air> Wfaett 
bldwa into the puloDonary veins, is not readily itoade to 
pm into the broncihi* The air taken intd the blood vea^ 
sels in the wtiy supposed must be received in iofinitely 
divided pottionsi and must be intimately mingled with 
the blood* The particlles of air may be said to be 
brought in contact with the particles of bloody particle 
wilh particle« It may be absorbed by the bloody it may 
be cbemieally Cotobioed with some parts of it, a combi*^ 
tiatidu which would be greatly favoured by the niannet 
in which the substances are brought together ; oi^^ it may 
\fe misted with it, still retaining its gaseous* form» There 
is every reai^on to suppose that each of these processes 
takes place in part* By the operation of the two firsts 
a j^rtiDQ of the air will be changed from the gaseous* to 
the'li^id form while it is still in the lungs, aiid heat 
wiU necessafrily be evolved ; but the temperature of th^ 
Uood'in the lungs ia prevented from rising beyond acer>>> 
Ibbi degree by a process which has already been alluded 
to, and which will be more particularly noticed in the 
aei|ftel* The remaining portion of the air drawn into 
tite' fkCiliilenary veins, and existing still in the fornfi of 
gas» is* transmitted^ with the blood in which it fio)3it9> 
lbroug;h fhe heart into the arterial system. As it pro- 
tuetdis in the systetn, it is gradually cfaauged by the two 
prOipesses already noticed, from the aerial into the liquid: 
V^fA I atid) as thi;s is eSected^ heat is Ivecelssiliily diseM^ 
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gi^ed. This change may not be supposed to be com* 
]4eted, before the blood has finished its journey in the 
arteries ; and thus a fresh supply of heat is, with every 
pulsation of the heart, transmitted to the ends of the sys* 
tem, to supply the place of that, which in the interval 
has necessarily been abstracted. 

When the blood has passed from the arteries into the 
vexDB of the general circulation, its colour is converted 
from vermilion into purple. Various opinions have been 
advanced respecting the cause of this change. It is gene- 
rally I think believed, that the vermilion or bright red 
colonr is given to the blood by the addition of oxygen to 
it in the lungs, and that on the arrival of the blood at 
the ends of the arteries, the oxygen has been so far lA- 
stracted as to be deprived of the power of maintaining 
diis colour in the blood. This is supposed to be strongly 
supported by the fact, that the colour of the venous blood 
is rendered brighter by being exposed to a stream of 
oxygen gas. But the change of colour is effected so sud- 
denly, as to render this supposition I think inadmissible. 
Besides, it does not appear that the colour of the blood 
in the pulmonary veins is brighter than that at the end 
of the arteries. The ingenious Dr. Crawford already 
mentioned contended that the purple colour was given to 
tlie blood by the decays of the system, which, at Ais 
part of the circulation, found admission into the blood 
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vessels. It was objected to this supposition, tbaty at the 
passage of the blood from the arteries into the veins, 
such results of decay as are supposed could find no ac- 
cess to the blood ; as, said his opponents, all sudi im- 
parities must pass through the absorbent or lymphatic 
system, which only becomes connected with the blood 
vessels near the root of the veins. But this objection 
will now, I trust, be admitted to have no force. The 
sbsorbeut property of the veins, for the purposes sop* 
posed by Dr. Crawford, will be found, it is expected, to be 
fully established, iu the subsequent article on absorption* 
With this part of the doctrine of Crawford, I fully acqui- 
esce. Loaded, iu the way supposed by Dr. Crawford ;. 
with the products of decay, the blood returns to the 
lungs where these products are discharged from it into^ 
the bronchi, and thence out of the system through the. 
windpipe, in the form of impure air. Thus purified, it 
is transmitted into the pulmonary veins, resumes its ver- 
milion hue, and becomes again the vehicle of heat, and 
of nourishment, to the system. 

. An important service seems to be performed, by the 
impurities to be discharged from the blood assuming in, 
the pulmonary arteries the gaseous form, and one more 
intiauitely connected with our present inquiry. By the 
conversion of a great portion of the inspired air into the 
Uguid form in the lungs, it is easy to suppoee that too, 
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great a quantity of heat might be at once ^sengftged. 
Bat the synchronoos formation of gas in the puhnonary 
arteries, is calculated to employ the escess of beat whHib 
might tbas be generated in the langs. l^e kinge there» 
£Dre act in a double oqpacity, as a furnace to supply heat 
when it is deficient, and as a refrigeratory to remolFe it 
fWhen it is excessiire. The heat generated by the con* 
T^^ion of atmospherical air into a liquid form is 
necessary for the separation of the impurities 'mih 
which the venous blood is loaded, for it maintatus '^e 
Moody notwithstanding the cooling process of the form" 
ation of gas from it, at that temperature at which the 
ebullition, though favoured by a diminidbed pressuri^ 
eould alone take place. These processes have reciproesfly 
a necessary action upon each other* It is only when the 
heat of the blood has reached above a certain d^free, 
whieh may be called its maximum, that the cooling pro- 
cess commences ; and when it is below this maximum, 
the heating process goes on unchecked, until lihat maxi- 
mum is exceeded. 

Such are the advantages which animal existence re- 
ceives from the wonderful process of respiration. 

In one important point, one in which it eesentiidly 
differs from all former inquiries into the sources of ani- 
mal heat, the preceding view is supported, and indeed 
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c9»flfliD0d» byibeUbouraof Sir* Eiwsnds; liiiean tbat 
in wbieb it i$ tmeintaheit ibat ilie air iMpiiwd fnasea 
^et^y iiito tib9 4na$$ of blood, andv tbaCtbe air expinfid^ 
eoMistbg in none of its leoDatitoento of tbo wr ivbieh 
bad imn ia«pirad iqimediAteljr before, prootada (rma 
tbe mw.of blood* 

Tfaa following is Ao s^KteflMirt of iba eondbdkMa to 
wbicb Dr. Edwards baa been led, exti»eted from iho 
r^eoaat translation of Jus work. On the ]Dflaenee^of Pfaj^ 
9i«al Agaata lOn Ii&, bjr Hodgkins aod Fisber# 

^* He os^gao which disappears in 4be reapiratJon of 
abnospbaria air, ia wlioUy abiSMurbed* It is after warda 
eoaveyed wholly or in part into the current of die eif«i 
ca]atioii« . 
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; ia re/fisieeA by exhaled carhonie add which pro* 
eeeda whoUy or in part from diat whidli ia oootainad ia 
the maaa of die hk>od. 

'* An animal breathing atmoqdienc air, also dsoi^ 
azote ; this is likewise conveyed wholly or in part into 
the mass of the Uood. 

*' The abaarbad azote ia replaoed by «ihalediasQtc^ 
whidb proceeds wholly or in part from ihe Uood«'' 
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The work of Dr. Edwards connsts of a detul of ex- 
perimental investigations. The peculiar and transoendeDt 
merit of this work, is, the wonderful skill with ^Vuk 
he has contrived to disengage every agent in its timi 
from having any inflaence on the phenomena under re* 
view ; and has by this means been enabled to aseertaio, 
with unusual exactness, the share which each agent has 
in producing a result depending in the whole, on a mol« 
titude of agents. Dr. Edwards has, successfully, ap- 
plied the analytical method of reasoning, to pbysiologi- 
cal subjects. 1 had not read Dr. Edwards* work, till 
after the preceding view of the sources of animal heat 
had been read before the literary and philosophical so* 
eiety of Liverpool ; and, indeed, not till after it bad 
been published in the North of England Medical and 
Surgical Journal. It was not without much satisfac* 
tion, that I found Dr. Edwards' statement of the .deri- 
vation and course of the air employed in respiration, to 
agree so completely with that which I had made. And 
it is a matter not a little confirmatory of the truth oi the 
conclusion, that we had been led to it by pursuing 
courses of inquiry, altogether different. 

A source of animal heat still remains to be ezatnioed. 
I allude to that intercourse v^hich takes place between 
the atmosphere and the vascular system, and of which 
the skin is the medium. In some animals, particularly 
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in Batrachian tribesi suck a vivifying agency is derived 
from the functions of the skin, as would appear to be 
more necessary to their existence, than that supplied by 
re^iration itself. For these animals, according to the 
experiments of Dr. Edwards, live longer when deprived 
of respiration, than they do when the access of the air 
to their external surface is intercepted. This agency is 
highly important to those animals whose respiration is 
the most perfect. There are, however, numerous species 
of animals, to which the skin, for the purposes in ques- 
tion, seems to be of no use. Of this description are 
fishes ; such animals as are inclosed by a bony incrusta- 
tion or shell, or are incased in scales ; and, perhaps,- 
birds. At present, however, we are to attend to the 
functions of the skin, as they are possessed by the mam- 
malia. 

The most striking phenomenon respecting the skin 
is, the constant exhalation in the form of vapour, which 
is generally imperceptible ; but which under exercise, 
or in cases of disease, becomes evident in the form of 
sweat. Experiments have proved that air is imbibed 
by the skin, and that the quantity of matter imbibed 
frequently exceeds that which is exhaled. Respecting . 
the fountain from which the imbibement takes place, * 
there can be no doubt, that it is the atmosphere ; and 
reasoning from the analogy of what takes place in the . 
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hiigBf W€ eotteladei thi^ tbe arr tkn titibibed, pUMi 
throvigli the skin anchaiiged. Aecordta^ to the divMon 
propoaed of the absorbents^ and whidi will be etptaiaei 
an leagtbi ia a suaeeedtiig aniele ; the air miist be iaii> 
bibed by the lymphatics, and Is conveyed by them, after 
Qftdergfoing changes^ mor« or less, by which heal k 
e<rolved» throagb the thoracic duet to the {wiltmoary 
fessels^ there to joia with thr air takea in by respiration^ 
and to at4 ia stfpptyiog heat and noiirisbmeiit ta Ae 
ayatem* 

The master whaled consists of carbonic aeid gas, of 
uttrogeti gas, and vaponr, and rs neairly the same as dM 
air e9tpfred« This exhalationf has geiaeratly been sup 
posed to procMl from the termiaations of- tie arteries^, 
those terminating tubes of which the caliber is too mhall 
to admit of the red globules, but it appears to be more 
probable) that it proceeds fron» interme£ate i^pacesy sap- 
poaed to exist between the arteries and veiiie^ whicli 
are tbe receptacles not only of the blood whiek flowd 
from the atteries, but of those parts of the solids system 
which having. ufidergooe new aftnitke, harve beeirlel 
loose from thciv adhesion, aad so find their way to th« 
skin^ either through organic pores, or, as some suppose^ 
hy^ an exudation or exhalation,, through simple hrter* 
stioes* The fuacttone of the skfna saeoa to serve tte 
same purpose wiitb respiration «< They are calculated to 



m^\y it^ ftbsbracfc faeat^ to noorifih and purify the sj%^ 



In the cwcsp of these physiological inqairies, diere 
hns been repeated oooasion to remark, that no import- 
aot oiSfse is confided to one set of organs alone ; that, ia 
(91^ the most important set be impared, by accident or 
di^easj^, thiir place may be supplied^ in some degree^ by 

As the organs of animals have been formed, and the 
fiLQGtion^ af these organs discharged, in connexion with 
a heat that is unifcnrm, it is reasonable to suppose, that 
any considerable deviation from this standard of tem» 
perajiur^, will aflfect these organs, and modify the 
fanctioqs discharged by them* In this case, the heat 
is said to.be in a morbid condition. The foundation of 
the di^efepoes of temperature which exist in a diseased 
sjts^ pf the f]?ame, may be ascertained by a reference to 
the proceeding theory of animal heat. Every arrange- 
ipentt between the proportions in which materials are ooii# 
verted ft^m the gaseous into the liquid, or from the 
%$Ullinto the gaseous form, in the process of respiration^ 
ofP'Ux tbe.coiirae of the circulation of the fluids, will be 
aeiKiiqpaoied with a temperature of the body that may 
be termed «nore or less morbid : when the conversion 
of gi^ ifito liquid ia more extensive in a given time than 
Sa 



S62 

vraaly wh3e that of Iiqnid into gas is the same, or in a 
diminished extent ; or when the conversion of liquid 
into gas is less copious than usual, while that of gas 
into liquid is the same, or to a greater degree. In these 
cases, the heat will be morbidly increased. The opposite 
condition will arise, or the heat will be morbidly diminish- 
ed, when the conversion of gas into liquid is more extenffl?e 
than usual, while that of liquid into gas is the same, or 
in a greater degree ; or when the conversion of liquid 
into gas is greater, while that of gas into liquid is the 
same, or to a less extent. In some one of the conditioos 
enumerated in the preceeding statement, the animal heat 
when morbid, will be found to be expressed. 

The causes which effect the conversion of liquid iota 
air, or air into liquid, in the process of respiration, may 
be derived either from the conditions of the fluid engaged, 
or the organs employed. The quantity of air which 
may be converted into liquid in the lungs, or in the 
course of the circulation of the blood, will depend upon 
the condition and qualities of the blood, with which the 
air is made to mingle, modified by the state of atmo- 
i^herical pressure. The quantity of liquid, which may 
be converted into air in the same process, will depend 
upon the condition of that fluid, or its temperature, and 
state of atmospherical pressure. If the venous blood be 
in a state more disposed than ordinary to undergo the 
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process of fermentatioD ; then, the quantity of gas evolved, 
from it, will be augmented, and the process will com* 
tuence, before the usual temperature has been reached^ 
and will prevent that temperature from being attained. 
This will more readily take place, when the pressure of 
the atmosphere is light. If in these circumstances the 
qaantity of air converted into liquid be the same, or less» 
than usual, the heat of the system will be morbidly low. 
If on the other hand the venous blood upon reaching 
the lungs is in a less fermentable state, and if the pressure 
of the atmosphere is high, the conversion of liquid inta 
air will commence at a higher temperature, and will 
not be sufficient to reduce that temperature, if the con^ 
version of air into liquid should be the same, and still 
less, if it should be to a greater extent. In this state 
the heat will be morbidly increased, or a state of fever 
will ensue. 

If the condition of the blood in the pulmonary veins 
be such as to admit of a less consumption of air, or a 
more limited conversion of the air absorbed by it into 
liquid ; A smaller quantity of heat would be generated^ 
and, in that case, the heat may be morbidly deficient. 
But if the condition of the arterial blood be such as to 
occasion, by it, a rapid absorption of air, and a ready 
conversion of it into liquid, then the quantity of heat 
generated may be greater than the refrigeratory process 
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tsn reduce to tbe beaUhy standard. In this ease a state 
6f fever will be induced. 

We are not, perbaps, prepared to particalariKe the 
various conditions of tbe blood, from wbicb tbe different 
states supposed may be deduced. If t portion of tbd 
renous blood sbould approach more nearly thad usnal^ 
to a state of fermentation, a gaseous ebullition will take 
place from the blood in the pulmonary arteries, before 
the temperature has been raised to the height usnally 
required for that purpose. This will occur in typhus 
fever; in cholera; in confluent small- pox; in erysipelass; 
in the plague ; in the collapse that follows intemperance 
in wine. In these morbid states, the body, particularly 
tlie extremities and the breath, are cold. Hence maybe 
accounted for, the unexpected inefBcacy of the attempts 
that have been made to restore the beat and action of 
the circulation, by stimulants in the collapsed stage of 
cholera. By vinous stimulants, a temporary excite- 
ment may be produced, but it is soon followed by a con- 
trary condition, to a greater extent than before llieir ap- 
plication, as by their introduction into the blood, a tet* 
mentation of air will take place under a tehiperature 
still more reduced. Hence it happens, that persbito ex- 
posed to severe cold, as in cases of shipwreck, have al- 
ways been found to have perished sooner, if they have 
attempted to defend themselves, as it is eidled, from tbe^ 
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effects of cold) by the use of ardent i^iritei Hence 
tnay be explained the almost miraculous, and in mcmt 
cases only temporary, resuscitation that has attended the 
introduction of water impregnated with salt into the 
veins, in the lowest stages of cholera. The blood is 
rendered by it less readily convertible into gas at a low 
temperature ; but recovery did not in most cases take 
place, as the qualities of the infused substances were 
net, in all probability, compatible with the continuance 
of life. This practice, though not so successful as the 
first trials of it gave reason to hope, is only in its in- 
fancy, and is worthy of further application. A new road 
has been opened by it for the introduction of remedies, 
which, under the failure of every other, may be found 
to be safe and effective. Hence, also, may be explained 
the sanative effects which are represented, by some 
practitioners, to result from the copious drinking of 
water, a fluid not convertible into gas at a low tempera- 
tare. Hence, also, may be explained the beneficial e& 
fects of copious bleeding in circumstances, in wfaichi 
according to our experience in other diseases, it would 
be extremely hazardous. That part of the blood, which 
is dbaracterized by the dark colour, and which is loaded 
widi fermentable ingredients, is abstracted before it 
reaches the refrigeratory of the lungs. Thus the source 
es, from which the heat generated in respiration is 
cooled, are seasonably cut off* 
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Tbe venous blood may be in a state that is die 
converse of what has been supposed. It may be too little 
disposed to assume the gaseous form, either in conse- 
quence of the body at the time being freer from particles 
in a fermentable state, in which case the blood will be 
less loaded with the products of decay, or those pro- 
ducts may be from certain causes less evaporaot ; or 
from the fabric of the blood at the time. Hence the 
ebullition from the blood in the lungs will not take place 
to a sufficient extent, under the healthy temperature. 
The heat will rise higher before the refrigeratory pro- 
cess prevails, and a state of fever will be the unavoida- 
ble effect. The supposed constitution of the blood is 
indicated by the blood, when abstracted, assuming, what 
IS termed the huffy coat, and is generally shewn by blood 
taken from patients affected with fever and inflammatory 
complaints. In those cases, stimulants, though possess- 
ing the quality of being more readily evaporable, are in'> 
admissible; as their immediate effects upon organs, al- 
ready too much excited, might be deleterious, before 
their more distant cooling properties came into action. 
Nevertheless, our predecessors gave wiue in enormous 
quantities, according to their evidence, with marked ad- 
vantage, in fevers with great increase of beat. The 
benefit derived is, in part at least, to be accounted for, 
from the fermentable and cooling qualities of the wine. 
The sanative effects of the wine, it is fair to admit, may 
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in the cases in which it was so profusely administered^ 
in the last century, be ascribed to its diluent propertiesi 
as wine was the only liquid from which the patient was 
not restrained. The safer practice in such cases is the 
reduction of the heat, by the use of cold applied inter- 
Dally, by cooling drinks, and externally by the cold ef- 
fusion so elegantly and forcibly recommended by the 
late Dr. Currie of this place. By the cold effusion, the 
skin is nnade to perform the part in which the lungs are 
found to be deficient. 

We perceive, from the preceding statement, how 
remedies, seemingly the most opposite, and incompati- 
ble, may be admitted, to produce the same effects, after 
a better knowledge of the manner in which they pro- 
duce those effects, had been unfolded. 

The constituents of the venous blood, which require 
to be withdrawn from the system, before another circuit 
is peformed by it, are not all susceptible at the common 
temperature of the body, at least of assuming the gase- 
ous or vapoury form, and therefore cannot be discharg- 
ed in the process of respiration. For these substances 
the constitution supplies other outlets. The chief of these 
are the kidneys, the liver and the skin. The saline fix- 
ed substances no longer required, or not retainable with- 
out injury, are carried off by these emunctories in the 
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form of unmf bile, or sweat. Tke qtuia Mid natter of 
perapiratioBy proeeed from the uterial blood. It is oot 
agreed among writers, wliether the b3e is seeseled frsm 
the blood of the hqiatic artery^ or that of the veoa por- 
tarimn. If we are to be iaflneaced ia our opioioB by 
anal^U, we would be ioclined to the belief^ that the 
bile is formed from die hepatic arterj. By these ?8i> 
ons chaniieb, the products of decay are vanried out of 
Ae system. The frugality of natore ia employing mat- 
ters which are useless and would become deleterioas to 
beneficial purposes, is exhibited here also. The bile 
serves to stimulate the intestinal canal, and in that way, 
and perhaps in others, to promote the purposes of diges* 
tion« The sweat lubricates and cools the sur&ce. The 
secondary purposes, as they may be called, which the 
urine serves, are not so manifest. 

I have stated that the animal heat will be affiscted, not 
onty by the state of the blood in connection with the 
degree of atmospherical pressure, but also, by the con- 
dition of the organs employed. By the organs employed, 
must be meant chiefly the lungs. Whatever aflEscts de 
elasticity of the lungs will neccessarily have an influence 
upon the extent to which air is introduced in inspiratiosi 
into the mass of blood ; and upon the extent in whieb 
air is abstracted from the blood in expiration. In ooo* 
sequence, the heat of the system must be much ia^Beii- 



369 

eed by cbe eondittmi of the liings« The formation and pro* 
grass of hectic fever, may, I tiiink, be explained from tii0 
impaiped mechanical stractore of the langs tbemselTes. 

We have hitherto been considering the heat of maUf 
find of the animals which are usually ranked under ihe 
class of mammalia ; but, &r our present purpose, at 
leas^ a more correct designation of that class would b^ 
that of fuiimals witii elastic lungs. Our attention is now 
to be directed to auotiier class of animals ; and, to ^cam* 
ine briefly die sources of the heat of birds. The usual and 
healthy heat of birds, is much higher, as is well known^ 
than that of the animals we have been considering. The 
beat of man varies from 96 to 98 degrees of Faren- 
hdt's scale ; tiiat of birds ranges from 105 to 107 <^ 
die same scale, making a difference of nearly ten de« 
j^ees of beat. 

The chief cause of die difference of heat in birds end 
in man, is, diat die lungs of birds are not elastie* 
There exists in the lungs of birds no machinery, such 
as has been shewn to be possessed by the respiratory 
organs of die mammalia, for removing any part of die 
pressure of the atmosphere from the venous bloodj 
during any period of their respiration. Before dien^ an . 
ebullition 6{ air from the blood, or the conversion of 
any part of the veQOua blood into gasfi can tidce plaee^ 9 

SB 
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lii^her *tdthperAt\ite Is re<j[uire8. In other >jebi*ds^, be- 
ioYe iheYeMgei^toty process com rti^nces, a fcgiier tem- 
pefatbt*e tnu^lje kttaiYied, 'than is r^quir^d for this pro- 
cess in animals, whose lungs are elastic. 

'Thdt^gh 1 bdtlsider, what hdd jd^t heeh stated, as iU 
lAirf ;ca^iii^6 k)f the higher tempferaftfre dt lyirds, ther6 
hte other peculiarities ib tlheir structare, which &t^ cal- 
dUteted to give tlis cause its f dll efect. They are co- 
V^red with feathers, x^^hich ate bad conductors of beat. 
*rhe fetfCicttire '6i tihe skiti is sdth ks *to preclude any 
Vonsiderabk exhalation. Tha't heat which in aiiiroals 
Xt^th etasties Itings, wh6n it rises too Ihigh, would be 
CCtf^ejrtfd off, iStfds in 'birds no fexit, hy the skih. 

' ^e pectiliar Strtfc'tut'e 6^ birds 'iS thiiS ivell calcula- 
ted to prevent the expenditure of heat. ' ^'^ are now 
to consider, the means by which the heat of these ani- 
wA^ 'is generated, and distributed through the system. 
The ait which is inspired by birds, does not, aS in ani- 
^^Is With elaStifc Idngs, 'enter into the saYiguineous cfr- 
iBulatidA ; fbt the rte^^atiism t)^ \frhich it is \ntf6dtcei 
tnto that 'cWtilatib'n, is not t6 be hunA ^h thignfi \ bt 
is feohvey^d fey separate fch^nffefc, itito 6Very 'part of the 
Ibiidy, as contipletely Ks It '^otiM have Veeii tad it hm 
IhiTfigled with ah atlerfal curreftl:. 'IRiese channels, tem- 
yi t&t tele's, af6 cfikteisided ii^Vo Itfhe Clivitie3 oi thig ^onds, 



vWcbrve, fiJMA bjj tbat o^WJS cbi«fljr vtcilji ^,; i^^tc^of 
Wiarrow ;, iptp tjig. int^rioq o^ tb^h^^d^Mb^np v oi^»i 
yi.ls,^ i^nd cl^w(|.;^ a»4 aj;^ cpn^iiljied Qat.ofi th« l^qdy iptQ* 
the q^uill^ i ^^^^ m ^ \y4Qrd^ gei;v;^Q :tl^.wfeol^:JlM:u/5twlS% 
io; micb a.way^ tfe^tewry. ipiQi^lii^ g^t of it i^ p^p^tralifid 
by tl^enfy Xb^. W'V¥ch,i&.i»ftpji:^iby bip4s fcw^^i 
(Jistinct. qijqulatJ.Qn, Xbi9 pffiPQ, w^uchj in, aniw»bh wAt 
Sla$tig IjubBgs,. is piijrfQrrppd bj, %, a^ ti^Rial, qirff^ipQi 
alone,, is io bird^ divided, between] t;^^,^ten^, and; ^ir,* 
cells. It is ll^Q qoBy.^i:siQu qf the., si^it^ifps^ <?rciulati:ig. 
in the.r aii; cdJs ftoip the, g^§p9.us, focm,, tljat.gefteiftj^ 
the he^t of birds,, . This, w.Quld. apge^^ tft. tajffi pj^^ 
chiefly iptjip ijuayfter qells^, ThJs.aipi lij«» tfee ar^tfiiwli 
blopd of the n)W»walia,,CQ«)iribql^^%t»Ul}«i9utvfRfift^ 
the system.; and, iu^becpiping either, a fi^dganlii^ q«, 

fprnjis^ moyeaye Juices, it. i^tnec^s^ily diyei^pfiitel 
gaseous form. ^ 

What may be the qhemic^l afjipitiesj, pr ]|}€^])ai||cal 
agencies,^ by wiich the. suppose.d cpnyier^ipiii iat m^4^^^ 1 
know not ; but this air,, while p^sjng intQ.j)9r|;s,8jQ,ca}|^ 
nute as scarcely to admit % single ^articl^f , is iu^t^^i ^ittlA'-- 
tionmost f|^voi|rable for the influence pf.. tj^q^ ^ffipjjtip^ 
and of that, agency.. Whether tlji^ pffiq^. per/priji^dt bjr 
veins, is like that of the arteries. ^Iso divided, inbtifd^ijl 
vf'ill 90t pretend to say,. The aijatofny; qf th^^l^BftJgi 
has not been prosijquted with this yij?Ay. 



Wiihoiit entering fnUy into the cAiideB by which the 
flmdfl are circulated through Ae frame of lnrds» it may 
be proper to observe, that gravity is calcolated to have a 
greater effect in circulating air through the stfuctore of 
lirisf than it can have upon the motion of the Uood in 
tlie mammalia. According to the hypotheris dmt has 
been made, the air in the extreme cells or bony passaged 
is constantly undergomg a change into the solid or the 
Hquid form ; the air thus changed oecupies a smaller 
spaoe^ the space left by the conversion of air must be 
occupied by some other substance ; the walla of the eit- 
treme air cells are constructed chiefly of unyielding ma* 
terials $ air from behind readily, in obedience to the lavs 
of gravity, fills the space left by the conversion or re- 
moval of the proceeding occupant. The evolutidDdf 
Iieat ensures a fresh supply of the fluid by which that 
evolution 18 fed. 

If we oondder for a moment the form of birds, the 
length of their limbs and daws, and of the necksfre- 
quendy subtended by bills of enormous size, it is im' 
possible to suppose, that heat could be maintained io 
Aese remote parts, by the formation of it at the centre. 
It must be generated in these remote parts themselves. 
It is from this cause that the long-necked, and equally 
long-limbed, heron stands for whole days on the brink 
of a half«froien streami watohing the precarious ap* 
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proacfa of its prey, with a patience and attentkni that 
are imeompatible with any great annoyance from cold. 
The limbs and talons of these animals are not covered 
with feathers, and are formed of materials which are 
not bad ccmdnctors of heat ; nevertheless they are not 
benumbed by the half-frozen carrent, in which they 
are so long immersed. It is the formation of heat in 
this manner, that enables the eagle to dwell with impa* 
nity in regions of eternal snow, and to ascend into 
heights in the atmosphere, where the intense cold is in- 
calculably increased in its sensible effects on the living 
body, by the rapidity of the aerial current against which 
even it often delights him to fly. He carries with him 
into these regions a furnace which sets at defiance the 
utmost rigour of the elements. 



ON ABSORPTION. 



Offices, various in their natures arising frona differ*, 
ent causes, and accomplishing different purposes. io the 
animal frame, have received the name of AJ^sorption. 
Absorption, however, in general, maybe defined, to be the 
function by which matters are taken up by extreme vessels 
from one part of the body, and conveyed to another ; 
either for the purpose of being discharged out of the 
system, or for further employment in it ; either in a 
moveable or fixed condition* The existence of this 
function has been admitted by physiologists, from the 
earliest times. Previous to the middle of the last cen- 
tury, absorption was universally supposed to be per- 
formed by the veins ; although other vessels, by which 
a considerable share of it is now admitted to be perform- 
ed, were discovered long before that period. By the 
veins, the nutriment was supposed to be taken up from 
the alimentary canal, and conveyed to every part of the 
body for its support* These vessels were also supposed 
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to b* ihe chalnneb through which th^\<^ast6 'of Hfh6 boJy 
wiEis -discharged. Indeed, un'til th^ period tbtut hadl)efei^ 
mentidned, the veins containing blo6d ; aiyd^ beffore th6 
disco veijr of the cii^ciiltftioh, the arteries^ 4>eliev^tok:f6ir« 
tain 'a?r^} 'and, if they may be called Vessels^ 'the ncfrves^ 
were the only vessels by which the systetfi wfts Btppost^d 
^0 be >geiiferally ^p^rvaded. 

^sl€fl)i/Cih Italian anotdnridt, #hen disgecling fa Ki^i^rg 
dog, in 16S2, observed vessels containing a milky 'fluids 
running on the surface of the intestines, and mysentery. 
*SiH-prised and delighted with this app6aran(;e, he im- 
Inediatety abandoned the pursuit for whtcfh the dissectioih 
6( th6 living amnbal was instituted, and ki)t^ the d6g'y 
Hhnt hfe raight Wve a better opportilinity of obset^itt'g 
*iitid trying these vessels*. Bcit, to his astOn^hnr^ftft 
*aiid '^isappoJiftment^ 'tbes^ Vesiteld entirely djsal^eiii^ 
withHbfe ^ife of ihe itAmhl. 

By what he saw, however, at this transient glance, 
be ^ife (5titfviElced of the 'existerice df ^new and ftukftown 
Vei^eb* fie e^^y engaged in the se^r^th aftcfr ibetjh^ 
^kb^vidov^eh tboi^e vesflels, lf(^hich ^^(ihfn the eolotii- "of the 
fliiicltbey'contafin, lie denomifmled lafit^s, a name whi«h 
^b^ s^iil retain. Tboaglh igrioriiiift ii) a great measn^e, 
of Ihe icou¥^ and tetminattdft of theefe v^sfeels, ibe b^ti^V* 
ed fhat 'ih^ ttcted'^ absotb^mg -, ^^M t^A a ^avt ^it^t 
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ef the mrtrimeDt fr4)in the alimentary canal was convey- 
ed by tbero. The lacteals were soon afterwards found 
to unite as tbey proceeded, and to form larger vnsself 
after the manner of the veins, and at last to constitute 
a single trunk, terminating in the left subclavian vein. 
Vessels similar in fabric to the lacteals, and differing 
from them only in appearance, arising from the colour 
of the fluid they contained, were discovered in odier 
parts of the animal frame, by authors belongbg todiffep 
ent countries, and at different periods. 

These newly discovered vessels contained a pellodd 
fluid, and from that circumstance were called lymph- 
ducts, or lymphatics, a general term under which wbat 
were then termed lymph-ducts, or lymphatics, were then 
designated* These vessels were found, by their junction, 
to form larger vessels, after the manner of the lacteals, 
and at last to unite with the lacteals in constituting the 
thoracic duct. 

It is not my intention to give a history of the progres* 
aive steps by which a knowledge of die lymphatic system 
was obtained, although every name that had any share 
in making this great discovery, second, only as a pbysi* 
ological discovery, to that of die circulation of the blood, 
ought, and, I trust, will be held in immortal remeoi- 
branee. In ibe state now describedt it came to the 
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bands of Dr. William Hunter, of Loodoo, and of Dr. 
Monro, of Edinburgh, by one, or by botb, of those wri- 
ters independently, it was conceived that the lymphatics^ 
of which the lacteals were a part, pervaded the whole 
frame, and that the office of absorption was in a grea^ 
degree, if not wholly, perforned by them. The claim 
to priority in the advancement of this doctrine, gave rise 
to a controversy that was conducted with uncommon 
acrimony, Mr. John Hunter, who adopted not only 
the opinions, but supported the claims of his brother, 
subjected those opinions to the test of experiment. By 
a series of experiments at once the most simple, the 
most ingeniously contrived, and the most satisfactory, 
that are perhaps on record in any branch of science, Mr. 
Hunter proved, that the lacteals and lymphatics, at their 
radical extremities, diverge upon surfaces from which 
they imbibe whatever is presented to them, provided it 
be of sufficient tenuity to enter their mouths, ^nd that 
no part of the substance which they absorbed, and which 
was pkused upon the same surfaces, was imbibed by the 
yeins^ Hence he inferred, that the whole office of ab- 
sorption was the exclusive work of the lymphatics, and 
that the veins to which this work had been previously 
ascribed, had no share in it. 

The opinions of Mr. Hunter were almost universally 
reeeived by physiologists, and. the only niatter connected 
8C 
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with the lymphatic system, that seemed to require far- 
ther investigation, was the structure, course, and sitaa* 
tion of the vessels composing it. This part of the labour, 
a most important and difficult one, was discharged with 
singular industry and success, by Hewson, Gruiksbatiks, 
and other pupils of the Hunterian School, and Dr. 
Monro, of Edinburgh, already mentioned. Some dis- 
tinguished exceptions still remained to the doctrine of 
absorption being exclusively performed by the lympha- 
tics. Haller^ though not unacquainted with the laboare 
of Mr. Hunter on this point, still adhered to the opin* 
ion of his Master, Boerhaave, that absorption was the 
work of the red veins. As these, however, died at^^yi 
they had no successors ; and for a period, I suppose, of 
nearly fifty years, the doctrine, that the office of absofrp- 
tion, was exclusively discharged by tiie lymphatics, was 
admitted, without the sound of a single voice being 
raised, to disturb the general harmony. Within the last 
few years the conclusions of the British physiolgisto 
have been quesfioned ; particularly by Majendie, Delislef 
Dyupetren, and the physiologists of France. TIi^ Frendi 
physiologists have certainly proved, that the veins act 
as absorbents, in certain circumstances. 

In a work which I published in the year, 1815, a 
view of the causes of the motion of the blood in the 
veinsi was presented to the public, difljprent from that 
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wbidi had been received. This view, as it ascribed to 
Qie veins the power of acting as absorbents^ was favour- 
abltto the doctrine^ that they were employed as such. 
And ID that part of the work, in which the process of 
nature for oniting divided surfaces, and for the union 
of recently separated parts, is attempted to be explained ; 
the absorbent property of divided veins is clearly recog- 
nized'. Since that period, the experiments of the Philoso- 
phers of France, already mentioned, haVe decidedly 
proved that» in certain circumstances, the veins act as 
absorbents i but they have proceeded farther than this, 
they contend that the principle part of the office of ab- 
sorption everywhere, and in all conditions, is accom.* 
plished by veins* That the nutriment from the intes- 
tines is taken up by the veins, as well as the lacteals, 
and that even matters deposited in the cavities of the 
bowels^ have been taken np by the veins, while the lacte* 
alft seeniBd to have no share in the operation. 

In carefully examining the experiments made, and 
argudients advanced, by the abettors on each side of the 
controversy, with a view to draw a true conclusion 
from tbem } taking for my guidante the peculiar phy- 
siological views which I have adopted, which indeed 
have originated in a great measure with myself, and on 
which aa a safe conduct I can confidently, rely, I have^ 
I thinki been able to reconcile the conflicting testimony 



seemingly arising from these experimentSi and to pro- 
pose an hypothesis which they all harmoniously tend to 
support* 

The hypothesis, or, if it may be so called, tbeoryi 
which I have to propose, is simply this ; the office of 
absorption is twofold ; it consists, in the first place, in 
oonyeying from sarfaces, both internal and external, 
whatever is fitted for the nourishment and repair of the 
system ; and, in the second place, in taking op and car* 
Fying oflf SQch constituents of the arterial blood, as may 
be unfit for the former purpose, or such matters as hav- 
ing for a season constituted a part of the system, and 
discharged a useful purpose, have, by the changes Aey 
have undergone, or by solution of their adhesion, be« 
come useless and noxious, and cannot be longer retained 
inrith benefit or safety. I allude solely at present to the 
matters which are or may become contents of die san- 
guiferous and lymphatic systems. The first office, that 
of suppling the system with nourishment, is, I contendi 
perforoaed solely by the lymphatics, considering the lao- 
teals and imbibers of the lungs, a part of them ; the 
latter, or dutt ofdepurgating the system, by the red vehe^ 

The supposition is reasonable^ if net quitfr neeessaiy) 
Aat offices so distinct and inoooipatible, lAodd be peN 
fiormedf by diflGsrent vessels. What was intended for the 
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refitdng of the frame could not conveaiently be coovey* 
veyed in the same vessels, with what may be in a man^^ 
ner termed excrementitious. For the contact and com^ 
mixture oi the latter, for any length of .time, would in^ 
fallibly disqualify the former for its iotaided purpose* 
Taking this view of the case, the result of the ezperi*« 
ments of Majendie and other French physiologists, and 
of those of Hunter and Monro, apparently so irrecon^ 
eilable, may, I think, be accounted for. In all the. in« 
staoces in which, according to the French physiologistst 
the red veins were found to absorb, the structure of the 
veins had been violated. In the expmment made by 
Majendie and Delisle, an experiment much relied upon, 
in which a piece of the gut of a living animal was insix<? 
lated, and all the vessek connected with that part di^ 
vided, excepting a single artery and vein, liquids inject* 
ed into the insulated portion were found to pasainto the 
abdominal veins, but were not at all discoverable in. the 
laefeeala* The venous structure of the. insulated portion 
of gut was violated. The passage into the veins was 
opened, • while the influence to which the lacteals awe 
their absorbent prop^ty was destroyed, according to 
the. eoodilaoos of tibie experiment. In those cases in ndUch 
flubstaneea taken into the stomach, w^e found to. have 
obtained a passive into the vemSf without pssswg 
ibvoogK the lymphatics, the communicadon betseait the 
stomach and the intestines was intercepted: by firjsly ap- 



plied ligatures* It is contended, that in these cases the 
fiibrie of some of the veins of the stomach, or of the 
intestine above the ligature was violated, by the appli- 
cation of the ligature, and that it was through these vi- 
olated veins, that the matters found access into the ve^ 
Bous circulation* In the celebrated experiment of 
Majendie, the eMperimentum crucis, in the opinion of 
that philosopher, in which poison embedded in the foot 
of a dog, while every access to this foot had been pre- 
viously cut off, except by a simple artery and vein, was 
found destructive of the life of the animal ; the poison 
was applied to a divided vein* . In the hundred experi- 
ments and upwards that were made, by Dyupetren in 
support of the doctrine of venous absorption, the matters 
absorbed by the veins were introduced under the skin. 
It is very easy to perceive, how in these experimentsi 
the matters found a passage into the veins* Campbor^ 
assiifoetida, and other foetid substances, that had previ- 
ously been introduced into the alimentary canal, are said 
to have been detected in the veins, by the organs of 
smell and taste, but not in the lacteals ; — such a de- 
lection, would, I think, require very delicate organs. 
Besides, before the animal was opened^ all the snbstaa* 
cea that had entered the lacteals may have passed into 
the veins* In somei of these experiments, some oi 
these substances were detected in the urine, and not ia 
the blood* As well might it be argued thi^ in these 
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cases, the subtatices had reached the urinary organs 
without passing through the circulation, as that in the 
other cases they had reached the veins without passing 
through the laeteals. In an experiment made by Tied* 
man and Gmelin, the celebrated physiologists of Ger- 
many, who seem to have adopted the opinion of the 
French physiologists respecting venous absorption, 
quicksilver injected into the lacteals, after passing the 
mesenteric glands, was found to have mingled with the 
blood in the vena portarum. From these experimentfls 
these physiologists infer, that the veins arising from the 
mesenteric glands act as absorbents of the chyle. These 
experimenters admit> that by the column of injected 
mercury, the lacteals composing the gland, might be 
ruptured, but that to afford the supposed access to the 
vein, a corresponding vein must be ruptured, a suppo- 
sition they contend so improbable as to be altogeth^ 
untenable. But, I would ask these gentlemen, how 
was it possible to rupture a lacteal vessel without rup- 
turing a vein ? 

It is stated, that Flandrin, the Professor of Veteri- 
nary Surgery at Paris, had repeated the experiments of 
Mr. Hunter^ and that results very different from those 
stated by that great physiologist had been obtained, and 
such as were not at all favourable to the doctrine df 
lymphatic absorption. The experiments of Flandrin 
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are not detailed, bat I will yentare to assert, that the 
•tetettieBt is either altogether falladoos, or that the pro- 
cess of ezperimentiDg by Flandrio had deviated, io some 
particolars from that of Mr. Hunter, and that it is to 
deviation that the difference of result is to be ascribed. 



It may be safely concluded, I think, that the veinsi 
in the sound state of the system, do not absorb or im- 
mediatdy take into dieur cavities any substances that 
are placed on the eternal surfaces of the alimentary 
canal, upon the surface of the skin, or on diat of any of 
the Eternal membranes* From all these sources, sub* 
MaiBces only which contribute to tho growth and repair 
of the system, are taken. This is solely the office of 
the lymphatic system, considering, as I have before 
atated, the imbibess of the lungs as a part of that sys- 
tem } blit with respect to the office of these, the imbi- 
hers of the lungs, we shall afterwards have a better op- 
p<N*tunity of speaking. But there is anodier very im- 
portant part of the office of absorption^ that of taking 
up and carrying off the waste of the system, which I 
shidl endeavour to shew, belongs chiefly^ if not entirely 
to the red veins. With this view it will be necessary 
to ascertab the terminations of the venous systems ; and, 
'first, to enquire in what manner the veins by their 
radical extremities, communicate with those of the ar- 
In some parts of the body, it is admitted that 



iho arteri^ ,cpina)pnj<)0tf yfhk ^.o vejns thrpugli ^ ffiw 
terventi^p of pells* l^ig 19 Jcdowd to be the $hb^ jn thf. 
corppra cayernps^ P^pi?^ ib tfee clytoris, in themaquniSi 
ke. Thu fprw of w*lpgy >yould Jea^ to the 4!09€Ju«i9P| 
that itUs wa9 the ]i^y pnjvfrsally 1.9 whiph thp Uipioi), 
vm^jmadf;. Npthivg to^pntradi^t the analo^j^ical ajr« 
l^uxneot is dr^wi^ frpm e^perjeuce, Tjie fioest iQJecfiippf , 
ftnd all 1^ d#vM^s of the njipst fikilful anafQinist^ §n^ 
9k »o .wiAeHiW pn the f ubjectp Tl?^ argunqieut in /%- 
vpyir pf ;a ^ir§^i ffommuni^fttipn of the ^rterjes wifh ijjft 
T^iQS in §]I other parAs pf the i^ody^ e^^eptipg in t^9^, 
stfttecjis $ypd which is the ge^eralily received ppipipp at 
pr,^.9t, 19 spl^lj d^riypd from the supppsed ^ec^s^itjr 
of fhii,t 8triji$tur$, for enabliag the .hear|; and ^rteri^ to 
propel thQ bipod (brpugh th? veins. H^w is ithe blood 
propelled through the ^rppra cavernosa penis, an4 otbsT. 
Qjrg^s \b ^hich the ^pmniupication beti^een the art§rie§i 
and ypins is A<d|i)^tte4 ,tp be iQad^ thrpi^h »the n^edipyi 
of cells ? JS|o impprta^t did the answer to 4;hi^ qi^estipn 
«pp$ar jtQ Dr. G^eor^^ Fprdycej that this pm^pnt phy- 
^iolpgja^ mjaiQ^inejd^ that (he ppwers by wkich tbe blppd 
w^ (^rcul9te4 i|^ t^9 yeins, were in his (irpe totally un« 
kppwn, Bfl,t tl)p tJ.Qp4 in the yei^s is pp.w knowxi jip 
b.« »ppy#4 by oihier fm^» than f^qse s.vpplj^id b/ tke 
pjr^tite /prw .rf Hbe bc^rl .wd ^rt^is^ 

The argument drawn fyom ii^e fiV]^!mi ^^^!^^y 
3d 
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falls to the ground, and leaves tbe argument supplied 
by analogy in full force. My belief is, that the saine 
structure prevails in every part, and that the arteries trans- 
mitting their contents to veins, terminate in cells, from 
which the veins arise. The capillary veins drink up 
whatever comes into those cells, and to that office their 
absorbent power in the sound state of the system is 
limited. The part of the blood required for the repair 
of the system, in those cases when the bulk of the body 
is stationary, when it is neither in a state of increase 
nor decay, must be equal to that which, having submit- 
ted to new affinities, has become detached from its ad- 
hesion, falls into the spaces over which the venous ab- 
sorption has influence, and is made to mingle with the 
blood. And in the cases in which the system is in a 
state of increase or decay, it must be more or less than 
what the veins absorb. It was an important discovery 
of the late Mr. John Hunter, and in the opinion of the 
learned Dr. Bostock, in which I concur, the most im- 
portant which that eminent physiologist has made, that 
any part of the body, even the hardest bone, when it 
increases in bulk, does not receive that increase by an 
accession of matter to its outward surface, but that every, 
the most minute portion is augmented comparatively 
with the whole, by the accession of particles to that por- 
tiout Nature observes the same process inverted^ when 
any part is diminished in bulk. 



S87 

Hie increase or renewal of 6tructare» can only be 
drawn from the arterial blood, into which the lympha- 
tics, the lacteals, and, as I contend, the imbibers of the 
lungs, ultimately pour their contents. It is evident, 
that a part of the arterial blood becomes at every circuit 
at the extreme terminations of the capillaries, a fixed part 
of the system, added to or taking place of those parti- 
cles already fixed, or in the act of separation from their 
adhesion, and about to be absorbed by the veins. * 

It is evident, that every the most minute portion of 
the system is. reached by an artery, and lies within the 
imbibing influence of a vein. It is contained within, or 
has access to, the channel continuous to this artery and 
vein*. What applies to each individual portion, must 
e^ally apply to the whole in its aggregate state. The 
fixed parts of the body^ then, are all inclosed by the vas- 
cular system. They are contained within it ; or, what 
appears ti> be the same thing, have access to it. During 
every circuit which the blood makes, a portion of the 
fixed or solid parts of the system, has become detached 
from its adhesion, by the influence of new affinities, and 
falls within the reach of venous absorption. The mat- 
ters 90 detached approaching to a putrescent state, 
amalgamate with the blood conveyed from the arteries, 
and convert it from a vermilion to a purple hue. That 
this change of colour takes place at the moment the 
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Ndod (Misses (totn the arterial iltto the vMMS fijfMem» 
k eTideot from this i that blood taken from a stn^H t,U 
iistff at the greatest possible distaace from the heart, 
bttirs as bright a red as that taken from the aoftii itself; 
tad the blood taken froon the smallest vein, at a ^ticsX 
eqiially distant from the he^t, is of te deep ft purpfe ai 
ih^ abstfactdd from the Tena (Sava. A further proof 
Ihat the oolonf of the blood is changed in the extreina 
vessels, is supplied, I think, by the simple operation of 
bleeding with leeches. Though the greater part of the 
blood abstracted in this way, is of a deep purple, it is 
6fteA[ streaked with blood of a bright red. lii the first 
Itisttince, the blood is supj^lied hj the cttpiUaif yeinSi 
k the last a small artery hlis beeii Wounded. Tbe tcs 
Adns Uood loaded Witk the pfodticts of deoHy Is coarey- 
1^ to the puImonMy arteries. These produets are iti I 
itiite teady to assume, under favotirable dtcoitistanceSy 
the gas^os form. They are converted into aur in the 
{MtieMs of respiratidd^ wlnle still in die ptiloionaiy af. 
tttieS, in a manner that hte been fully ezpkined in the 
{nrecidding article on animal heftt^ and areestpelled in tin 
tofva throngh the Windpipe, in the succeeding ezpini- 
tttry process. Such is th^ origin of the air that is et* 
pired, imd such is the way in which th^ bo^ is telieved« 
In a gt^t metenrd, fhim its nseless find ntAtiMs te« 

gfedienti. 

A property in my opinion^ appertains to capillary 
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¥699^1 iAkkt Mf fam^ I k^Nfirr bid hat Wen tioticed 
bjr pbystologists, nod oti wbieb thisr abMrUngf laeirlty 
in ^ gi^Mt ckgt09 expends* ^ I tnean the extent te 
ivbieb ibeae vnsiek are ctleuUted to teebt oorapressiotti 
widiotif lite f iiptcire of their coats; 

Tbe df eie formed by tbe tranmrse section of a cy- 
Kfklrieri t»iei may be eoppoeed to be composed of a 
gfeat^ tbMghr -defiaed, nnmber of arohee, wUdb, when 
die eirdkf is of considerable siase wili approach nearly to 
a straight line or will be arches with a small carvatore. 
If ^6 eidistances compossag die circle be very pliant^ as 
ibai formed by tbe seetiem of a large vein or lymphatic 
traok, tfae resietatice which tbe aidies wiH make to any 
preesia-e directed from without, will be incooeideraUe^ 
The veasek will in each dfcametancea snetain a coUapee 
and be easily rendered impertiable* But as tbe drele 
diminisbea ia diameter, ibt eatvature of the arches 
of wbicb It is Mppoeed to be eonicruoted, will increase, 
Tbe rdsiatatH^ which the circle will make ta etternai 
ptessnre^ will be directly as tbe cmrvatore of the arches, 
aad inversely wtbe pliability of tbe svdistance composii^ 
fte dffCttmlereDee of tiie circk» If we suppeae the 
pliability of daw vessel to continue the aame^ whatever be 
its diameter, or to increase, though not at the same 
ratio with the carvatnre dl tbe arches, comprisbg the 
aifde formed by tbe traasverse section^ we shall be on- 
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ftvoUably bfonght to a point, as the diameter of t}ie tube 
diminishes, at which the compression of the vessel will 
be impracticable, without the rapture of the vessel. From 
ibis cause it arises, that the permeability o( these vessels 
is the more effectually secured, the srnaUer they become. 

It may be contended that the coats of these vessds ; 
however minute, are stretchable, and that the pressure 
nnon wny particular part may cause the coats of that 
piirt to be stretched to such a degree without rupturing 
them, as to admit of the internal surfaoes being bropght 
into contact, by which the permeability of the vessel 
would be .destr<^ed. This does not appear probable ; 
bot admitting it to be true, it can only take place whea 
'the pressure is pardally applied, not to pressure applied 
like that of the atmosphere to all parts of the external 
periphery of the tube equally* The atmospherical pressare 
can only diminish the bore of a wssel of this description, 
not ^dose it ; as the structure is required and calculated 
for defending the vessel against the. collapsing effects 
of atmospherical pressure, and to make that pressure 
available to the securing of the entrance of fluids into 
the tube, instead of compressing it ; no contrivance can 
be conceived better adapted for the purpose. 



It was a knowledge of this property that was alone 
wanted to render complete and unassailable, the view of 



the causes of the motion of the venoos blood, fotitidcfJ 
upon a supposition of a dimiirished resistance in the front 
df the column, occasioned by the elasticity of the lung^ 
and the automatic expansion of the heart, that has beeff 
so long before the public* 

It is owing to this property of the capiUiary absorb-* 
ents, that all the animals who dwell on the surface of this 
globe, are not squeezed to the form and consistence of 
a mummy, by the pressure of the atmosphere. — At is in 
consequence of this, that the whale is enabled to support 
the weight of many hundred fathoms of water, in ad« 
dition to that of the atmosphere ; as the pressure upon 
the internal and external surface of every vessel, and 
on the periphery of every particle of matter composing 
its frame is rendiered equal. — It is owing to this pro-* 
^erty that fluids are found to be imbibed by the absorb- 
ents and circulated without aberration through the 
smallest organs of the infusiora, a class of animals whose 
whole fabric is too minute to be discernable, excepting 
through the medium of extensively magnifying powers. 
— It is in consequence of this property perhaps that the 
pressure of the atmosphere reaches and influenees the 
motion of the fluids • in the centre of the largest and 
hardest oak of the forest. 

" It seems to be a necessary property of vessels, con* 



IfaiMQjr ie^nmug in 4iMMter^ w thcf fwMjf Aft 
ibnr lernwattpp tbgnld jb^ I17 open points* Though 
tb^ were (9 dimiabb nemvikng to tbin law ad tufini' 
Utm, tbty eopld nerer bo .^ompletel/ tboiU Xb^ ti^r- 

minations may be upon snrfaoes } w0 tbeisayitie? ^^ <rth^ 
vessels ; or upon the indosores of cells. Aooording as 

ihfim are tbe t^jmm^w^ «f absoiiwiAh aa v^ias ^d 
lympbaticaip •or pi propeltioff vesaalas as arterjbiti, they 
la^bibe .ar exbale» whatever is of mipftrifflf teaai^ to pm 
these opea poiots» Wbetbar the imbibars bay^tbQ 
f^0ff»ftf #f asieatiag B»aierialf, am^r^af to their m^ 
siUe 'f uatiHM % I thiakf iio^Md* 

Jt hae beea ^eafraUy sapppeed ithat, what is <caM 
TitsU^f or the principle #f .life> preservea itha body wb«a 
alivei fiK>aa that atate <if pati»faa(joa, wbkh k fops 
reaches after life bas beea evrtia^aithed^ It has jCar somi 
tia»e beea the &»hiQu wnmg physMoigi^tSy wbeoevfir 
tbey kmA tbemelyes at a laee aqepaat (^ apf#eM^ 
to solv^ the difiBeal^ by aearibiiv the^effept t9 yitrfi^i 
«r aa itbe Frwf^ 4:W1 iiti lb? wsmif^ mtal^. jblUp 
eaaFsei tbey ai^ jperleetly eafei ^ mm i>m hv^ 
aayibiec af vitfiitff tibere e^Met :pa m99m»( riefalwf JM 
enfipaiad apenatiaasf A abedeiw Mpri^ 90 W9rb§ (^ 

blows however severely inflicted { aad if fPP l^t ^.i$l 
head^ as happens to some newly discribed animaki an- 

eAir ^ Mwna jn its j^« Tiwi 4ta #tMmiJi « ipp- 
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posed to rcmt tfae influenod of which digests its c^titefitsV 
in consequence of its^ being pervaded by the principte 
of Kfe. The blood is moved in its course by causes 
which could move no other fluidi in the same circum- 
stances, in oontequence of its being alive. The living 
body is supposed to be prevented from passing into n 
state of putrefaction^ in consequence of its vitality. 

Vitality is to the physiologists of the present day^ 
what faculty was to the philosophers of the days of 
Queen Anne. This resource of the philosophers wasf 
not taken from them by argument, but by the sarcastic 
wit of the Dean of St. Patrick, who in one of his trea- 
tises, I think, the Tale of a Tub, maintained, that his 
spit had the fiicuUy of roasting meat. The protection 
which cbe system enjoys against putrefaction, may, I 
drink, be accounted for, without having recourse to vi- 
tality, in the sense in tvhich it is now used. During life 
there exists a machinery, by which the products of pu- 
trefaction are removed out of the system, before they^ 
become oflfensive, although those products may at that 
time be more abundant, in consequence of the higher 
tiemperature \ but of this machinery, the body after death' 
is deprited. These products are in a great measure' 
breathed out of the system. 

Sqc& parte only of tti6 waste of the syttem, as vn 
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readily capable of assuming the gaseoas 8tate» are re« 
movable by respiration. The other parts of that waste, 
which are not convertible into gas at the usual tempera* 
tnre of the body, and a reduced atmospherical pressure, 
find an exit by other emunctories ; the chief of which are 
the urinary and biliary passages. If we take into coo« 
sideration, that the matters forming every expiratory 
process, proceed from the blood, and are, with the arioe, 
the bile, and, to a certain extent, the insensible perspi- 
ration, the products of waste ; the rapidity with which 
the animal fabric is renovated, will appear far greater, 
than what is usually supposed. 

As the lungs are the channel through which, in the 
process of renovation, a great part of the expenditure of 
the system is removed ; so are they the cond actors, 
through which a considerable share of the materials, by 
which that expenditure is replaced, are supplied. It 
was contended in that part of this work, which treats 
on animal heat, that the air which is inspired pa^^es di- 
rectly into the pulmonary veins, and thence through the 
left side of the heart into the general circulation, under- 
going changes both chemical and mechanical in its 
course* This view to which I had been conducted by 
a process of reasoning, founded upon known and ad- 
mitted data, has been confirmed by the experiments of 
]>r. Edwards, of Paris. Hie inspired air miogtiog in 
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the caurse oi the circulation with the chyle introdueed 
from the alimentary canal, contribates to tlie replace* 
ment of those particles, which, at the ends of the vascn- 
lar system, bad lost their adhesion, and fallen into the 
vortex of venous absorption. It would appear that the 
body may be nourished for a considerable time, by the 
inspired air alone. Animals have been found to live 
for weeks, after the thoracic duct has been ruptured, 
<^herwise rendered impervious, or removed. Hence an 
argument was drawn in favour of other channels, 
through which chyle might be conveyed into the blood 
vessels, besides the lacteals ; a supposition which must 
now appear unnecessary. Indeed in some very old peo- 
ple, it would appear to be the only channel through 
which nutriment can be supplied. It has been found by 
dissection, that persons in extreme old age, must have 
lived for years in the enjoyment of health, without great 
emadation, and in the full possession of their faculties, 
after the thoracic duct, and the lacteal system generally 
had been converted into impervious bone. 

The life ci birds is sustainable for a longer period 
without food than that of the mammalia. Birds, though 
under the inc^sant exertion required for their suspence 
in, and transit through, the air, have been met with in 
acme parts of the ocean, in which they must wandered 
i^ weeks without perhaps an insect to devour. They 
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hKfB been foDDd alive in reeeptades in whidi ibey bad 
been contained for weeks, witboctt any peeuUe access ta 
food. Kourisbaieot and heat is conveyed to these aoi" 
nals more abundantly by respiration, by means of the aii 
eells which are extended to every part of the body. This 
IS the canse of their not being exhausted by the lony 
eontinnance of their exertions on the wing. 

Some parts of the body are not supplied with lympa- 
tics. This is known to be the case with the braiD. As 
the brain has no access to the external air, or to any 
surface from which nourishment can be directly drawn, 
lymphatics, according to our view of their use, woald 
have been useless and unnecessary. The brain is not 
the organ through which any fresh supply can be con* 
veyed to the system. The want of lymphatics in the 
brain affords an argument of no inconsiderable forcSf in 
favour of the truth of the use to which these vessels have 
been destined in the preceding pages. That absorpdon 
takes place in the brain there can be no donb^ but it is 
that kind of absorption by which the products of decay 
are removed. The water in the ventricles is in a per- 
petual state of renovation. Substances, a short time be- 
fore taken with the food, are discoverable by their sen* 
sible qualities in the water of the ventrides of the brain. 
The ventricles must in this case be placed with that cei- 
Ifilar structttroy which, in other parte of the body, inter* 
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veoes between the arteries and veins^ Thejr are eav* 
itiea to which the renoos absorption has aeeess» 

From the preceding examinationy it may» X think, ba 
eoneluded, that no proof has been given, by the ndva* 
eates of venous absorption ; that the veins imbibe front 
sound surfaces any substance placed upon those surfaces^ 
whether internal or external ; or that the veins receive 
from the lymphatic system any portion of itsr coatentSy 
excepting through the medium of the thoracic duct ; 
that the doctrine, implying that the lacteals and lym* 
pbatics reach with open mouths all the surfaces of the 
body, whether external or internal, from which they 
imbibe whatever is placed upon those surfaces, and of 
sufficient tenuity to enter their mouths, remains unim« 
peached ; that the inspired air passes through the im- 
bibers of the lungs, into the current of the circulation, 
where, undergoing changes, both chemical and mechani* 
cal, it amalgamates with the chyle introduced from the 
lymphatic system, improves, in all probability, its as- 
similation, and contributes, in an important manner, to 
the nourishment of the body ; and that the veins ab« 
sorb, by their radical extremities, not only the portion 
of arterial blood, which has not been expended in the 
repair of the system, or in exhalations, or in the form- 
ation of secretions } but also the products of decay, which 
the arterial blood had been employed in replacing i and 
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tbat tbe vmous blood» charged with these productSi and 
converted by them from tbe vermillioii to the purple 
hue, returns to the lungs ; in which it is relieved from 
the products of decay, in the form of air to be expelled 
through the windpipe, at the succediug expiratory pro- 
cess ; and in consequence of that discharge, and of the 
introduction of fresh air from tbe atmosphere, resumes, 
upon its passage into tbe pulmonary veins, its lost Ver- 
million hue. 



ON MUSCULAR MOTION. 



Of the cause which puts the universe in motion^ and of 

the manner in which it connects itself with, and infla- 

ences its agents, we, physically speaking, know nothing. 

It, however, always subjects its agents to certain fixed 

laws, from which no deviation is suffered ; insomuch so, 

that if any deviation from them should be observed, it 

receives the name of miraculous. The discovery of any 

of these laws has always been considered as the highest 

and most felicitous effort of the human mind. Of the 

cause of gravitation, and of the manner in which, that 

cause acts upon the fallings stone, we are ignorant ; but 

the law which that stone in falling observes has been 

aceitrately ascertained, and the discovery of it filla one. 

of the most important and brilliant pages in the history 

of our species. 

With respect to the cause which produces motion io^ 
the limb at tb» mil of the possesisor, m oiAe diaBi by 
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which it eonnecto itself to the roascle prodaciog the 
motioDy we are totally ignorant ; hot, if natnre pursoes 
the same course with regard to muscular motion that 
she has been found to do in all the instances in which her 
laws have been detected, the motion of the muscles must 
be subjected to some law from which no deviation is ad- 
missable, and from which all the phenomena arising out^ 
of that motion may be explained. 

A muscle in a state of contraction, or in that situa^ 
tion in which it produces motion in substances attached 
to it, shortens itself. The shortening which a contraet' 
ing muscle undergoes can only be occasioned by the par* 
ticles composing it making a nearer apprcmeh te each 
other. It is well known that the particles of which the 
hardest bodies ar^ composed are never actually in con- 
tact ; that between these particles there exists a repellaiit 
power, which, after they have passed a certain limit in 
their approach, increases at a great ratio ; that the par- 
ticles of homogeneous bodies, after they have passed a 
certain limit in their approach to each other, are attraet* 
ed, at a greatly increasing ratio ; and that, when the two 
powers of attraction and repulsion have been balanced, 
the substance assumes its permanent condition, from 
which it is disturbed only by the interference of some 
extraneous cause. When a muscle contracts, the aSiuity 
of aggregation between the particles placed in the ike^ 



401 

tion of its actioa is aagmeated, the straight Itne lying 
betvreen the centre of any two contiguous particles, and 
in the same directiooi is shortened, or, in other words, 
the axis of a chain of particles, extending the whole 
length of a muscle, is shortened. The affinity of aggre* 
gation may be augmented in two ways, either hy increas- 
ing the power of attraction, while that of repulsion re- 
mains the same, or by a diminution in the power of re« 
pulsion, while that of attraction remains the same or is 
increased. An increase in the affinity of aggregation 
is acconcipanied with an increase in the power of cohe- 
sion, or, in other words, by an increase in the strength 
of the muscle. It is well known that a slender muscle, 
which, when taken out of the body, will be ruptured by 
the weight of a few ounces, will, in the living subject, 
supportj without injury, the weight of as many stones. 
Indeed no limit can be assigned to the strength of mus* 
des } for the affinity of aggregation increases with the 
effort which the stimulus of distension excites; and 
when muscles have been found to be ruptured, by efforts 
to support or move inordinate loads, the tendinous por- 
tion which, in the dead body, is by far the strongest, 
has always been found to be the part that has given 
way. 

The agent which nature employs for increasing the 
affinity of aggregation in a contracting muscle is evi- 
3 F 
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dently of an electrical nature ; for an electrical applica* 
tion made to the muscles of a body lately dead, and 
before these mnscles have parted with their irritability, 
produces violent muscular action in that body. 

Upon the supposition that the preceding statement of 
Ae properties of muscles, or at least of the manner in 
which they act, will not be disputed, we venture to as- 
suroe it as the foundation of the following argument. 

Suppose a muscular fibre to have a fixed attachment 
at one end, and a moveable attachment at the other, 
and that this fibre contracts itself. The contraction 
through its whole extent is simultaneous, and not suc- 
cessive, or at least not sensibly so. The centre of each 
particle, through the whole chain of particles, approach* 
es nearer to that of the particle immediately behind ; at 
the same instant of time, the particle nearest to the fix- 
ed attachment, be it tendon or bone, approaches nearer 
to that attachment ; at the same instant, the second par- 
ticle approaches as much nearer to the first as that has 
done to the fixed attachment ; but the second particle 
has not only to move through a space that is measura- 
ble by the difierence of distance between the first and 
second particle in a state of contraction, compared with 
that distance in a state of relaxation, but has, in addi- 
tion, to move through a space equal to that throngb 
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which the first particle had moved in approachiag to thci 
fixed attachment. The third particle in succession has^ 
in the same instant of time, to move through a space 
which is equal to the difference of distance between it 
and the second particle in the state supposed, and also, 
in addition, through a space equal to the whole space 
through which the second particle moves in the same 
time, so that the movement of each succeeding particle 
iocreases according to an arithmetical progression. The 
movement of the last particle, or that farthest from the 
fixed attachment, is composed of the movement equal to 
that of the first particle, with the sum of the difference 
of distance between all the particles in the muscular chain 
in the contracted, compared with that distance in the 
relaxed state. As the more extensive movement of the 
last particle is made at the same instant of time with 
the shorter movement of the first particle, the velocity 
of the last particle must exceed that of the first by the 
sum of the differences of the velocities of all the pre« 
ceding particles. But the momentum or force with which 
each particle in the chain moves will, in these circum- 
stanoes, be as its velocity. 

If we suppose, then, instead of a single fibre, there 
is a bundle of fibres of the same length, having all a 
fixed attachment at one end ; and suppose that a number 
of bodies of equal magnitude be fixed, at equal distances 
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from each other, upon this handle or mascle, ph^ed 
horizontally, and that one of these magnitudes is placed 
at the end of the muscle most distant from the fixed at- 
tachment ; and suppose that in this situation, the muscle 
contracts, these bodies will move with a momentum that 
will increase according to their distance from the fixed 
attachment in the ratio of an arithmetical progression, 
and the momentum of the last body, or that at the top, 
will be composed of the momentum of the first, together 
with the sum of the difference of the momenta of all the 
intervening bodies. Let it next be supposed, that the 
bundle of muscular fibres just mentioned have a fixed 
attachment at one end, that at the other it is free, but 
that longitudinally it adheres to a substance which will 
not admit of being shortened, but that this substance is 
jointed and of coarse may be bent. 

When the instrument to be moved is long and jointed, 
it generally does not happen that the same muscular 
fibres pervade the whole length, but have fresh attach-* 
ments to the successive bones. This serves the purpose 
of producing separate movements of these bones ; but 
when a general movement of the whole chain of jointed 
bones is required, this separate attachment does not im« 
pair the effect, which is equally powerful with that which 
would be produced by the same muscles, connected by 
moveable ligaments. As an illustration of what has been 
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stated, take the human arm ; and suppose an effort to 
be made to strike a violent blow, or to send to the 
greatest distance some missile weapon. The arm, in the 
first place, is bent backwards as far as possible. By the 
contraction of the muscles, which have their fixed at- 
tachment in the bones of the breast, the shoulder bone 
is drawn inward by the muscle contracting in the way 
that has been stated ; at the same instant the muscles 
which have their fixed attachment in the shoulder, and 
their moveable attachment in the fore arm contracts ; 
but this contraction does not proceed from the first posi- 
tion of the arm, but produces its movement, beginning 
at the point in which the muscles which moved the 
shoulder bone had terminated, those muscles whidi have 
their insertion in the fore arm and terminate in the liga- 
ments which move the hand and fingers, commence their 
motion at the point at which the preceding had ended. 
As these successive movements are performed at the 
same time that the contraction of any one set of muscles 
is moved, the velocity and momentum increase with the 
succession of distinct muscles at the . same ratio with 
which they would in the case of a continuous muscle. Each 
muscle in the chain has its own independent action, and 
it takes up the velocity and momentum where the pre- 
ceding had left off, but it does not take. it up in succes- 
sion with respect to time, but at the same instant, and it 
is by the accumulation of velocities and momenta that 
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the whole eflfeet is produced, Bence can be explaiaed 
the foree with which a missile weapon issues from the 
band. For giviag the utmost eflfeet to an effort of this 
nature, great advantage is obtained by bending the arm 
previously backwards. There will occur a better op- 
portunity for explaining the cause of this aflerwardsi 
when the action of fishes is considered* 

In those cases in which the stem to which (he muscles 
are longitudinally attached, is flexible, the view that has 
hem given of the law of muscular motion may be still 
more clearly demonstrated. In fishes^ for instance the 
salmon, the musdes, subservient to the movement of the 
animal have their fixed attachment to the spine, near the 
head, and their moveable attachment to the same bone 
at its other extremity, the tail. They, longitudballj, 
adhere to the same bone, which does not admit of being 
shortened by their contraction, but may be easily bent. 
According to the law of muscular motion already statedi 
this figure must increase in curvature, the nearer it ap- 
proaches the moveable termination. The restoration of 
this curvature to the straight line is the great engine bj 
which the animal is transmitted with rapidity through 
the water, and often even to great heights in the air. 
This restoration is effected by the relaxation of ihm 
musdes which had produced the curvature by their con- 
traction, and by the contraction of their antagonistSi the 
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muscles on the other side of the fish. It i& highly Worthy 
of remark, that a great increase of veloeityi and b{ con- 
sequence, power> is gained by the spine being bent in a 
contrary direction at the instant at which the attagonist 
muscles begin to contract ; for, while the same carV6 i§ 
formed, by the spine being bent the other way, the tait 
has not only to describe the space through which it 
has to pass, by the body of the fish being restored to a 
straight line, but has also to describe an equal spaoci in 
addition, to form the curve on the other side. As the 
time required for producing this movement will not, 
with the same effort, be greater than that which waH 
required to produce the curve from the straight line t 
the velocity and momentum will be increased at a doubte 
ratio. The velocity and force with which the body of 
the salmon is restored from a state of curvature to the 
straight line, increases with the approach to the tail in a 
ratio that is the duplicate of that of an arithmetical pro* 
gression, and, as it may be supposed that the tail o:^ 
fan of the tail is expanded to the utmost, some idea niay 
be formed of the force and rapidity by which a fish is 
transmitted through the water, by the contraction of the 
muscles, which are the antagonists of those which had 
formed, by their contraction, the curvature on the oppo- 
site side. It is evidently in the period of recovery from 
the curved to the straight line that the powerful impulse 
is given. In completing the movement tnhde by the 
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contraction of these antagonist mosdlesy as a corvatore si- 
milar to the first is made on the other side, a retarding 
power would appear to operate ; bat this may readily 
be lessened by this part of the movement being made 
more slowly, or hj the fan of the tail being dosed, or 
by it being placed obliquely or horizontally. This mo\re- 
ment is necessary for directing the course of the fish. 
The power which the whale possesses, by the movement 
of its tail, so tremendous to mariners^ may be conceived 
by the rapidity with which such a mass of matter is 
transmitted through the water, and with which it is 
often depressed to immeasurable depths in the ocean, in 
opposition to resistances derived from the vis iiiertia of 
matter and the weight and tenacity of the fluid. An ex- 
ample of the increase of power which is gained by the 
action of the muscles, by a body which, previously to 
that action, is bent in an opposite direction by the an- 
tagonist muscles, is supplied by the movements of the 
human hand. By the extension of the hand and fingers, 
the hand is made to form a curve outwards with the 
fore arm. When the muscles, which bend the hand in- 
wards, contract, they, in this position of the parts, pro- 
duce a motion, which not only increases with the dis- 
tance from the fixed attachment of the muscle according 
to an arithmetical progression, but, in consequence of the 
causes which have been explained as operating m the 
movement of the tail of the fish, in a much greattf ratio. 
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This rapid motion, added to the motion derived from 
the bending of the shoulder and arm bones, gives to 
the hand a momentum which is well known to pugilists, 
and which is less painfully ascertained by the velocity 
with which a stone or other missile is discharged from 
it, for gain or amusement. 

* But it is in the reptile tribes, particularly in the 
Ophian race, that the most complete examples of the 
muscular curve are to be found. By the contraction 
of the muscles of one side, the snake coils itself in an 
instant into a succession of circular foldings ; with the 
tail the termination of the moveable attachment of the mus« 
clesy in the centre ; and the head and shoulders the fixed 
attachment of the muscles approaching to a straight line, 
terminating the external circumference. In this condition 
the animal is prepared for flight or attack. By the con- 
traction of the muscles, which are the antagonists of 
those by which it was brought into the coiled form, and 
with its tail pressed against the ground as a buttress, 
it rapidly transmits its whole body to a distance through 
the air, to inflict, perhaps, upon its unwary or deluded 
prey, a mortal wound. A more pleasing, and to us, 
fimrtunately, a more familiar, but, perhaps, not so per- 
fiect^ an example of the same curve may be observed in 
the tail of the colly-dog when he approaches an an- 
tagonist in an atdtude of defiance^ or when he runs up 
3 o 
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/ to his master in the confidence of receiving the wonted 



caress. 



From the law that has been proposed of mascular 
action, it will appear that the power of musclesi 
ceteris paribus j will be as their length. But the same 
effect which a muscle of given length would prodocei 
may be produced by a succession of muscles acting upon 
the same moveable or jointed stem* Hence may be ex* 
plained the immense strength possessed by animals of 
great length, as by the great boa constrictor, which, by 
making the convolutions to produce a fixed attachment 
at both ends and contracting the muscles, the length of 
which are equal to that of the animal, or, which pro- 
duce the same effect, by a succession of insertions and 
attachments, can break the spine and the limbs of the 
strongest animals of the forest. Whether any of the 
muscles of this animal extend with uninterrupted fibres 
from one end of the animal to the other, I am not soffit 
ciently acquainted with the anatomy of these animals to 
determine. Perhaps the carcase has not been examined 
with a view to that determination. 

Various opinions are entertained respeeting the actual 
change which a muscle undergoes while it is contractingt 
Some are of opinion, that the particles approadi in all 
directions without displacing any substance between 
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them. In this case the specific gravity of the muscle 
would be augmented. It does not appear, however, 
from the experiments, which have been made to ascer- 
tain this point, that the specific gravity is altered during 
the action of the muscle. It would appear then, that 
a muscle increases as much in diameter, as it is shorten- 
ed in axis, during contraction. Microscopic observations 
have detected, during contraction, and in the direction 
of the axis, the approach of points, between which angu- 
lar bulgings in a zigzag form occur, which increase the 
diickness of the muscle. It is sufficient for my argu- 
ment, that the muscle is shortened during contraction. 
By the approach of these points, which would seem 
to constitute the essential muscular structure, the adhe- 
sion and strength of the muscle are increased, and at 
the sanne time the muscle is shortened, and power given 
to it, in the manner that has been explained. 

By the view that has been given of the laws of mus- 
cular action, a facility and an increase of interest will 
be given to the researches of the anatomist. By sim- 
plifying the arrangement and giving a more natural 
purpose to the objects of research, the knowledge which 
IB at present irksome in the attainment and easily for- 
goty will be more pleasant in acquisition and maintain 
a larger and more accurate hold on the memory. 

I conclude the present very defective account of mus- 
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cttlar power by a brief Btatement of the doctrine which 
at present prevails among physiologists with respect to 
it. Dr. Bostock, in a recent publication, has in this, 
as indeed in almost every other department of phy- 
siology, presented a perspicuous and comprehensive view 
of this doctrine* Since the days of Borelli, an eminent 
mathematician, who flourished about the middle of the 
seventeenth century, physiologists have considered mos- 
cular action to be accomplished according to the laws of 
mechanical powers, particularly the lever. To illustrate 
how the powers, by which the animal madiine is mov- 
ed, act as levers. Dr. Bostock selects the movement of 
the forearm. The bones of the arm are bent by the 
contraction of muscles which have their fixed attach- 
ment to the shoulder bone, and their moveable attach- 
ment to the bones of the arm a little in front of the el- 
bow joint. They reach their moveable attachment by 
passing through the elbow joint in form of a ligaDieot 
inclosed in a sheath. The lever thus constituted con- 
sists of the weight which is at the hand, the fulcrum 
which is the elbow joint, and the power which is placed 
at the insertion of the muscles of the shoulder in the 
arm bone, between the weight and the fulcrum, and 
near the latter. To have a favourable lever, it is well 
known that the weight should be near the fulcrum, and 
the power at a distance from it. But here matters are 
reversed. Dr. Bostock acknowledges the unfavourable 
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construction of the lever, but he apologizes for nature 
by saying, that this expenditure of power, which can 
be well afforded, is made for the purpose of giving ani- 
mals a more convenient and seemly form. So unfavour- 
able, indeed, is the lever that he has selected as a speci* 
men, that if the power be reckoned 20, one part of this 
only reaches the weight, the remaining 19 being ex- 
pended in overcoming the dbstacles from position. What 
becomes of the other nineteen parts of the power ? The 
sheath through which the ligaments pass must sustain 
a great part of them . This sheath would certainly require 
to be made of iron. How comfortable would such an 
expenditure of power be to gouty and rheumatic joints I 
This view of muscular motion is certainly little conform- 
able to the usual economy of nature, which, out of sim- 
ple means, surprises us with the production of astonish- 
ing effects. 

Dr. Bostock contends, that though the weight is- 
placed at a great distance from the fulcrum, velocity 
and, of course, power are gained by it, as in that situ- 
ation it describes in the same time the segment of a 
greater circle than it would have done, had it been siu 
uate nearer the fulcrum. But with what an expendituro 
of power is the increase of velocity obtained ? Dr. Bos- 
tock, in some parts of his statement, seems to approach, 
the boundaries of a better hypothesis. He admits, that 
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the power of aggregation is increased daring the cqd- 
traction of the mnscle ; that the increase of the force 
of aggregation is effected through the whole muscle at 
the same instant of time, and that electricity is the 
agent by which it is produced. Another step only 
seems to be wanted, to arriye at the view which I have 
given. 
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Sanguis est fluidum ultimi momenti in corpore an- 
iinali, Organa vitalia grat^ stimalando, totam corpus 
in vitam motumque ciet ; et fons atque origo est unde 
omnes partes nutriuntur, atqus omnia flaida^ ad manera 
vitse accommodatat secernunter. Quidcunque itaque 
fluidum respiciat, naturse animatse tain necessarininy 
summam attentionem ab omnibus qui rerum natures in* 
dagatione delectantur, optimo jure sibi vindicat. Nunc 
apud omnes una sententia tant&mbabetur, de cursu quern 
hoc fluidum in corporibus animantium tenet. Harteius^ 
nomen in omne sevum in deliciis humani generis 
mansurumt sanguinem in arteriis ad omnes corporis 
partes a corde portari^ et ad idem, circulo descriptor 
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rursus reddi, orbes perpetuos volventem, olim compro- 
bavit. Plarima autem hoc flaidum spectantia, multis 
teoebris adhuc obruuotur. Vires etiam ipsse, quibasin 
hoc cursa bene cognito vehitur, non aduc fortasse opti- 
mo successu indagatse faerunt. 

In sequente disputatione, ad leges hojus Academiae 
celeberrimse exequendas, omnibus alumnis summos ho- 
nores medicos ambiuntibas prsescriptas, sascepta, vires 
qoibas sanguis plernmque circular! habetur, ad tale opas 
minus valentes, ostendere conari ; et de aliis quae has 
satis adjuvare possint, investigare, proponitur. 

PARS I. 

Alii, quamvis perpanci credo, sanguinem per totutn 
cursum vi cordis propellente sola portari contendant ; 
dam alii, et quideni major pars, cum plurimum corde 
ipso effici credunt) hand paululiim etiam operse sanguinis 
circulandi vasis quibus continetur ascribunt. £t inter 
hos, aliis boe esse munus arteriarum solum, motu vi- 
brante plan^ preeditarum, placet ; alii vero vase capilla- 
ria, seque ac arterias majores motam vibrantem habere, 
quamvis, propter vasorum exiguitatem, vix aut ne vix 
quidem conspiciendum, et ita maltum ad transitum san- 
guinis per se oonferre, putant. Idem munus venis ipsis 
multi etiam largiuntur. His onuiibus viribus operi m- 



423 

paribus visis, alii varias alias in auxilium protulerant* 
Pressura musculorum venis incubentium ; attractio ilia 
qua vasa miuutissima, fine altero in fluidum immisso, 
sese implent ; motus vibrans arteriarum veuas sodales 
comprimeus ; pondus aerls circunifluentis ; singular ha- 
rum diversis auctoribus plus miniisve potentise ad san« 
guinis motum coojicere creditor sunt. 

Quo certius compertum habeamus quanta poteutia 
singulse harum virium in sanguioem circumagendum 
polleant, prinmm baud aba re videtur, quid sit momen- 
tum quo sanguis in ulla cursus ejus parte moveat, cum 
isto collatum, quo in quacunque alia ejusdem cirumfera- 
tur, compulare. 

Ne autem conspectu primo a consequentiis omnino 
abhorreatur quae ab illis quas experimenta Stephani 
Hales aliorumque confirmasse videantur, baud parum 
discrepent ; imprimis idoneum videtur explanare quid de 
momento sanguinis intelligimus. Momentum sanguinis 
hie habetur ilia potentia qua sanguis in corpore vivo 
polleat ad superanda obstacula, iis quibus inter circulan-. 
dum plerumque subjictur, superaddita. Quo itaque verum 
momentum sanguinis in ulla corporis parte computetur^ 
necessarium est animnm ad res diversas in quibus hoc 
fluidnm in diversis partibus circuitus versetur, adver-^ 
tere. Nunc autem coutenditur, et posted demonstrari 
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taDtabitor^ qa^d, vena transversa sect&j id sanguinis 
inter partem sectam at arterias sodales, cnjos momen- 
tain tali ezperimento sestimandam est, in rebus longe 
diversis ab his versari in quibns ante sectionem fiiit. Si 
hoc veram sit, sententise quae ex talibus experimentis 
coUectae foerint, funditus ruerent oportet. QuandocuD- 
que itaque mentio fit de momenio vel vi sanguinis, haec 
verba semper accipienda sunt in sensu usitatissimo, jam 
definito ; et diversae res in quibus sanguis in diversis 
corporis partibus versetor, spectari supponnotnr. 

Quantum sanguinis, tempore dato, in auriculam dex- 
tram a vena cava, tantum a ventriculo sinistro in aor- 
tarn funditur. Sanguinem enim a ventriculo dextro pro- 
pulsum, circuitu per pulmones perfecto, vix ullnm vel 
increment veljacturse fecisse oportet ; etsi pulmones in 
cor minus redderent quam in eos influxisseti brevi sanguine 
prorsus farcirentur ; si autem plus ex sese funderent, 
qu^ recepissent, mox desiccarentur. Debinc satis 
constat, tantikm sanguinis, eodem tempore per trancos 
venae cavae cor versus, quantum per truncum aortse Goes 
arteriarum versus, fluere. 

Quoniam autem argumentis non infirmandis certiores 
facti sumus, ut vires quibus fluida in tubis movent, ha- 
bent inter se rationem, rationum luminis tuborum qni* 
bus continentur et velocitatis qua ruunt, compositaoi ; 
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et quoniam quantitates flaidi, quod^ tempore dato, per 
tubos transit, eandem inter se rationem compositam ha- 
bent ; plane sequitur, ut qua ratione sint inter se quan- 
tita es per tubos transeuntes, eadem esse oportet inter 
se vires quibus progrediuntur. 

Defainc momentum quo sanguis in truncis duobus 
venae cavse fluit, par esse illi quo in aorta^ apparet. 

Eodem modo piobari potest, sanguinem in omnibus 
ramis aortse vel venae cavae conjunctis, parte ull4 utcun- 
que !ong^ a corde remot&, pari momento ac in utroque 
eorundem vasorum trunco, ferme pollere : nam neces* 
sarium est ut, dato tempore, eadem copia sanguinis ex 
omnibus ramis aortn un^ sectis, ac ex truneo ejusdem 
vassi solo secto, mitteretur. Idem posset de vena cava 
ramisque ejus, si tarn multum sanguinis ex venis trans- 
versa sectis effluxisset, quam ante sectionem per cava 
eorum transibat. 

' Minima pars sanguinis, fatendum est, inter utrum- 
que circuitum exhalatur, vel mutata secernitur ; et 
quamvis aliquid fluidi, massee sanguinis redeuntis, loco 
illius amissi plerumque substituatur, antequam singulae 
findse, unde pars sejuncta fuerit cor iterum petant ; pro* 
habile tamen est, quod additamentum non semper fit 
eadem parte qua jactura ; quoniam plurimiim addita« 
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menli massse sangaiois tribuitar prope circuitus finemi 
nempe qii& ductus thoracicus in venam subclavian! sese 
aperit. Sanguioi itaque in ramulis aortse conjouctis 
vel vensB cavse, paululum minus momenti erit qnam 
eidem in eorundetn vasorum truncis. Sed quantitas san- 
guinis quee inter unum totius circuitum exhalatur, vet 
in alios liquores exceniendos mutatur, pro ratione totius 
sanguinis circulantis tarn parva est, ut imminutio mo- 
menti quse eandem toti momento rationem gerit, in hoc 
calculo sine damno omnin6 negligi potest. 

Hinc nobis concludere licet, momentum sangninis sen 
in trunco simplice sive in plurimis ramulis vel arterio- 
sis vel venosis in quos hie truncus dividitur fluentisi per 
totum corpus idem valere. Veloicitas autem quacnm 
momentum nequaquam confundi oportet, semper, in his 
rebus, rationem rationi areae orum omnium vasorum 
transverse sectorum inversam gerit, et itaque pro am- 
plitudinis hujus areae decresoere debet. 

Plurima ver6 repagula sanguinem inter circulandnm 
oppugnant. Si reputemus quod ramuli minores ab ramis 
vel truncis, ad angulos circiter semirectos subinde se- 
parantur ; quod particulas sanguinis et vasa, prassertim 
capillaria, mutu6 se attrahunt atteruntque ; quod vasa 
minima ssepe in se invicem redeunt ad angulos non 
valde acutos j quo fit ut flumina sanguinis quo replen- 
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tur in se plas minusve recte ruant, et partis virium qui* 
bus gaudent, sibi ipsis oppugnaDdis, jacturam faciant ; 
quod impedimenta sanguini a corde fluenti tarn magna 
et plurima occurrunt, ut, dimidio itineris tantummoda 
superato, retro arcetur in cursum illi quo primum pro* 
gressus fuit prorsus contrarium ; quod denique obsta- 
culis fere omnibus renovatis, demum post longum spa- 
tium ad cor fertur vi illi equali qua primum ab eodem 
movere caepit ; absurdum apparebit putare sanguinem 
circumvehi vi projectili cordis solius. 

Non cert^ dubitandum est quin arteriaa, saltern, ad 
sanguinem quo replentur transmittendum, baud paulu- 
lam conferunt ; nequaquam autem plus moment! qu^m 
id quo antea pollebat, ei largiuntur ; sed tantummodo 
illud ei restaurant cujus in impedimentis quibus in his 
vasis occurrit, superandis, jactura facta fuit. Hoc ex 
eo quod supra demonstratum est apparet ; nempe^ quod 
momentum sanguinis in omnibus ramis aortas non auge-^ 
tur quo longius a corde progreditur, sed idem/quod in 
trunco simplice valuit, immutatum manet. 

Cor itaque ; adjuvatum vi resiliendi arteriarum, qua 
vim illam quae in iis dilatandis expensa fuerat fere om- 
nem reddunt, et sic vim a corde sanguni impressam, 
usque ad suos fines, qu^m plurimiim imminutam ser- 
vant > atque vi earum musculari, qua sanguini largiun- 
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tor novum roburi par illi quae» ob vim suam resilieudi 
necessari^ imperfeclam et plurima obatacnla opposita, 
impenditur ; cor, dieo» his viribus ab arteriis iropertttis, 
juvatum, ad sanguiBem circumfereodum momento oami 
quo gaudeati quouaque motua vibrans in his vasis con- 
spicitor, par esse facile conceditur. 

Arteriae quidem ad aogustiam €apillorum coarctatse, 
nullum motum oculo, optimis microscopiis armato, ex- 
hibent. Attamen admodum verisimile est,., quod mota 
vibrante, quo ad sanguinem transmittendum conferunt, 
seq^ ac arteriae majores, prseditae sunt. Ramificatio 
eorum a vasis qu8B ipsa motu vibrante satis evidenter 
gaudent, eos eadem structura et dotibns euro his potiri 
arguit. Inflammatio autem qusB ex acribus parti coivis 
adhibitis oritur ; fluxus salivae, lacrjrmarum, aliorumqee 
fluidorum, stimulis ad propria organa quae ea secer- 
Dunt applicatis auctus ; et alia multa, quaa hie enume- 
rare non opus est ; clar^ probant, haec vasa parvula, vi 
musculari gaudere ; at gradum probabilitatisi ad de* 
monstrationem qu^m proxim^ appropinquantem, prse* 
bent, ut stimulo fluidi intus communi se in motum cieate, 
ad hoc fluidum transmittendum copia cogimiini et sana 
satis valeant- 

Nom surculi venosi aequsi vi cum arteriosis in san- 
guinem per se transeuntem agant, dubium est. Rami 
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fieatio ex vasis qa® vix saltem vibrant^ hoc rednrgUere 
videtan Inflaininatio ipsai in part^ iata ubi quodvis 
acre applicatur, oriens, aurcalos venoaoa qoamvis seqfiQ 
8timQlato8, saQguinem non redacere in eadem ratioo^ 
qua teansit per arterioaoa comitantefl, oatendit j quod 
tamen efficere debent ai aeqa^ euoi kia irritabiles esseot } 
aed si aangainem in eadem copia reduceretil» nulla in^ 
flammatio fieret oportet. Inflammatio itaque validi^ai^ 
mum fortasse argumentorum, quibns aureuU arteriosi 
musoularea ease probantur^ eandem dotem veaosis, aaltem 
in gradu eodem, denegare apparet. 

Non cert^ anguatiea aacribi potest quod venas non 
?ibrare conapiciuntur ; quoniam ampliores arteriis Gom«* 
ilantibns plerumque sunt* Nunc si illud momenti, 
semper asqu^ valena, quo aanguis in venis poUet^ oiultii 
obetaoula adverana, vi a vasis ipsis m impreaaa, servap* 
dom esaet ; ictus venarum aaltem saqu^ validly atq^^ 
itaque aequ^ evidentes, cum illis arteriarum esse debent* 
Qoamvis enim sanguis fluit per venas tardius qu^m per 
arterias quae illas oomitantur ; tamen vends, aecunduoi 
proportionem majoris velocitatis sanguinis arteriosi, am- 
pliores sunt qukm arterias : majorem copiam sanguinis 
continent ; ad quam movendam velocitate q«i& gaudet, 
poteotia 9que valid^ opus est, ac ad movendam mino* 
rem copiam sanguinis in arteriis, velocitate majore qua 
in his fluit* 
3i 
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Praeter hsec, arteriaei ut jam explanatam, vi cordii 
inter sanguinem per se propellendom maltum adjavan- 
tor ; dum saoguiui a Barcalis venosia in arteriosos fla- 
enti, minimum tantam velocitatis, propter latum spati* 
um in quod diffunditur, restat. Secundum enitn cal- 
culum Keillii, sang^s in capillariis tam tardus fit, 
ut momentum eujuscunque sanguinis particnlse dod 
pluris suo pondere bis sestiroato ibi valet * ; quare ne^ 
cesse est ut brevi prorsus moraretur, nisi juvatus aliqua 
nov& vi, vel a vasis in quibus fluit, vel ab aliqao alio 
ageate, ei concessa. 

Quamvis itaque illud momentt quo sanguis in omni- 
bus capillariis conjunctis praoditus est, par sit illi quo iu 
aorta fluit ; tamen id quo unaquaeque particula saogni- 
nisy ab arteriis in fines venarum transiens^ pollet, ad 
provehendam banc particulami contra vires frictioQis, 
attractionis et fortasse gravitatis, quibus ibi streno^ op- 
pugnatur, vel in punctum spatii longius, vix par est. 
Mult6 minus ad flumen altum sanguinis ante se pro- 
pellendumt aliquid vis conjicere potest. 

Cum obstacula, sanguini per venas redeunti objects, 
illis quffi in arteriis oppugnat, fer^ sequalia habere lieet ; 
si sanguinem circular! per vim cordis propelleoteiDi 

* Keillii Tentamen Med. Phyn. 2. 
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viribus quas arteri^ atque vense adjicere possunt, adja« 
vatam suppunamus ; pars hujas operis quae venis soils 
perfici restat, aequa erit illi qaae corde et arteriis viribus 
c^DJuDctis perficitur. Quomodo autem tali labore fun- 
gerentur, nullum omnin^ conatum exhibentes, prsesertim 
si respiciamus nisus streuuos quos oor et arteri8e» inter 
suntn dimidium operse fungendum, ostendunt, non 
animo comprebendendum est. 

A quibnsdaoi ver6 contenditur, ut una unda sanguinis 
nunc tardior evadens, novam vim ab undd, sequente et 
fortiore acquirat. Haec in sermone scholarum vis a 
tergo nuncupatur. Motus autem sanguinis nuHum^ac- 
oelerationis assequitur ab ipsa collisione quam duas undss 
sanguinis inter se faciant ; ciim vis a corde sauguini 
ioipressa, non sit ms percussionis, uti vocatur, sed vis 
pressurce * ; et cum sanguini sit nulla potentia sibi 
propria, nee ei liceat aliae undse impertiri plus momenti 
qu^m antea sibi ab externis agentibus concessum fuerit. 
Tali collisione itaque tanti vis unse undse jactura fit 
quantum aliae acquiritur. 

Cot autem, contenditur, vi resiliendi atque contraetili. 
arteriarum adjuvatum, in venas jam antea sanguine 

» 

* Whytt'8 Enquiry into the Motion of the Fluids in the 
small Vessels. 
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pUmai^ alkjoid Banguinis ocnni iotu impellere ; eC venas 
propter pteuitadiDem taatom sangiiinis ex uno fifie 
tradere, quantam altero receperinti oportere. 

Si nobiscttoi Tolramuai qu^ iogeiitea vires requirao* 
tor ad SDperandQin ano impeto omnia obatarola qutbtts 
sanguis per tolam oorpos aabjicitur ; qaod omae hoe 
virittm contra latera aortse prope cor et valvulas semi*- 
lunares ageret oportet ; quod membranae ex quibus aorta 
Gonflator non robostiores aunt membranis ramoranii pro 
ralione majoris roboris cnjaa in his rebus illis opus esset ; 
quod hominibus qui immersi fuerant in vitam redeuntU 
bus, totum sanguinis in motum propellitur tarn debili 
impubu cordis et arteriarum, qu^m oinnin6 inpar esse 
ad promovendum omnem sanguinem in venis stagnan- 
tetDy evidenter ^paret ; quod» demiim omnem fluxum 
sanguinis copiosiorem lethalem esse oporteret; quia 
venis fer^ nulla vi resiliendi vel musculari praBditisi sat 
sanguinis non restaret, iis implendts idoneum^ et his 
non plenis nullum sanguinis ex altero fine in auriculas 
hoc modo propelli potuit ; sanguinem viribus cordis et 
arteriarum h^ via nequaquam per venas circular!, satis 
snperque comprobatum babebimus« 

Aliquid muneris sanguinem circumvehendi muscnlis 
venis incumbratibus asoriptum fuit. Sed quoliiam mos- 
culi non nisi inter contrabendom sanguinem provdiere 
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peasant, et quoniDniy musculis fer^ omnibas otiosis at* 
que relazatisy puta inter dormiendum, sanguis cireoai«^ 
flaere perstat ; hi inter vires circulationi neeessarias vix 
faabendi sunt. Yerum quidem est quod nisus musculo- 
mm validos, arteriarum pulsus frequeatior atque val* 
idior plerumque comitatur. Tamen utique disputfuri 
potest, num mnsculi, nisibus validis factis, sanguineoi 
aeoelerent qo& vasa sanguifera direct^ afiiciant vel qua 
res{nrationem festinantes, vim aeriorem et stimulantio^ 
rem sanguiai largiantur, Motus vero mnsculoram vio« 
lentos, sanguine nequaquam accelerato, saepe videre est.^ 
Nee bene quidem constat quomodo circuitus sanguini^t 
viribos respirationi subservientibus, in conatus validiores 
atque eeleriores non actis, nisu rauseolorum quamvis 
vaUdo festinaretur* Musculus quivis super venam san* 
guine repletam premens, ut id sanguinis^ inter locum 
pressum et cor, velocius cor versus fluat, efficit* Id an* 
tem sanguinis ultra partem quae premitur, eodem tem- 
pore retr5 urg^r ; ne longum in hoc cursu fluat val- 
vule obstatur ; sed valvulum firmiter daudit ; et itaque 
saogtitnem ultra valvulum omnin^ moratur ; eumque 
nomento omni quo jam ante^ movebat, privat. Mu8-< 
oidi itaque inter contrahendomi sanguinem tam multtttn 
id una parte moranturi qu&m in alteri festinant. 

AptiofB itaque ratiocinHntds, coUigimus, ut sanguis, 
iiHiecaIi» valid^ nileBtibtts, non veloei&a sed insequidker 
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floeret : et hoc ease verum ab experientid ips& dooe- 
mar ; nam in morbie oonvuUivis sine febre, ubi muaculi 
relaxatione atque contractione alterna maxiai^ laborant, 
ictas arteriarum, quibus de motu sanguinis optim^ jo* 
dicare possumus, abnormes potius qo^m veloces vel 
seqoaliter volidi fiunt. 

» 

Si antem pressnra musculorom nil sangoinem pro-, 
vehat, quid opus est valvularutn qoibus plurimss venae 
suppeditantur ? Huic» locus respondendo oaagis idoneus 
infr^ erit* 
« 

Arteriae, quatenus, suo motu vibrante» venas sodales 
afficianty continuo agunt ; sed effectu8.earum in saogui* 
nem venas implentem, perexiguos esse, et neqaaqaam 
diversos, his jam explanatis pressura musealorum pro- 
ductisy oportet. 

Vim illam, qu^ vasa diametri minimi fluidum coi 
alter eorum £nis inseritur, bibunt ; et ed sese, gravitate 
etiam adversa, iroplent, hand paululiim ad sangainem 
transmittendum conferre mnltis persuasum fait. Sed 
h»c vasa parvnla tantum humoris solnmmodo bibiuit» 
quantum seipsa ad certam altitudioem implere suffici»t; 
et fluidum jam absorptum ex se evacuare^ quo iterum 
altero fluidi sese impleant, parum idonea.sunt. Prse- 
terea ciim in corporibus animantium uteirque finis horurA 
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vasorutn in fluidum inseritur, atractio capillaris sangui- 
neni morari debet» seqao modo ac eum promovet* Hsm 
vis itaque saDgoinis circulationi nullo omoino auxilio 
est* 

Pondus denique aeris atmosphaericiy viribus quibus 
sanguis circumagitur interdum accensetur. Nunquam 
autem, quoad ego cognovi, explanatum f uit, qua ratioDe 
tali manere fungi potest. Quoniam vero banc pro vi 
maxim ^ potente ear urn quibus sanguis ad cor per venas 
reducitur, habomus, nunc ad modum aperiendum hujusce 
vis in sanguinem reducendum agendi» progredimur. 

PARS II. 

Primum idoneum videtur, panca de situ et nnota 
cordis dicere. 

Thorax in duas partes tnediastino dividitur. Hoc 
fteptum ex duabus membranis, ab utraque pleura pul- 
mones succingentibus, continuatis, conflatur. Pon^ con- 
nectitur spinse dorsi ; anteriore parte sterno cartilagini- 
busve costarnm. Inferiore et anteriore parte, dues 
laminse non conjunguntur nee communi insertiene in 
sternum gaudent. Lamina dextra parti sterni dextrse 
plerumque inseritur ; dum sinistra cartilaginibus cos-* 
tarum sinistri lateris, parte a sterno paululum remotA 
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affigitur^. H» lambsB spinaai retrd peteates, panla^ 
tim propiDS ad se accedaot, et tandem ia unum fer^ 
ooSunt. laferiore parte in teadinein eepti transverai tali 
mode insernntur, ut illam tensam teoeot dam ipsae teQ6« 
tenontar ab ilia ; et ita fit, ut pars septi transversi coi 
oor ionititar inter respirationem nee deaoendat nee sor- 
anm toUatur t» Hie parietibus receptacalunii in quo 
cor eeeur^ habitet^ formator. Est praedpoe obliquitate 
nniatrao laminae qa& hoc reeeptaculam fit ; nam dam 
dextra» recti deorsnm deaeendit, einiatra a socio aejua* 
gensy iter obliqaum latos siniatrum versus tenet. <* Com- 
me le caaur s'avanoe dans le cot6 gauche de la poitrioei 
la membrane gauche du mediastin s'etend vers cette 
cavit6. Dans cette lege les ailes du poulmon embrasaent 
le cceur, mais I'aile gauche le oouvre seulment ; elle est 
plus courte que Faile droit : il y a dans Textremite de 
cette aile une echancrure qui derobe le poulmon aa 
mouvement du ccaur, lore qu'il frappe les cot6s t/' Ga« 
vum quod hoc modo formatur, non potest sine yi Yio- 
lenta coarctari §« C!or et appendices, omni latere bene 
mnnitay securd in illo habitant. Motus hujus viaoeris 
nobilissimi non obnoxii sunt, qui coercerentur sen im- 
pedirentur, vel ab injuriis externis, vel visceribus aliisi 
secundam varias corporis mutationes vari^ illud pre- 
mentibus. 

^ Monro Pmlaot. et Sen ac de U Siniotnre du Com, 
tiv. I.cbap. 1. t Sbnac de la Structnre du Coeur. 

t Sen AC de la Structure du Coeur^ liv. 1. Chap. 1. § Idem. 
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" Cor homanum, sic pertnunitum,' in duas partes divi- 
ditur ; quarum utraque duo cava, ventriculum et auri- 
Gtilam nuncupata, continet, Parietes horum cavorum, 
ex fibris muscularibus mirum in moduin intertextis con* 
flats, stimulo sanguinis contenti in contractionem cien- 
tur ; qu^ cava ad nihilum fere arctantur*. Gontractiones 
cavorum cordis in certo ordine fiunt. Auriculas mo- 
tus concordant ; et cum illis ventriculorum qui etiam 
simul agunty alternant, AuricuHs contrahentibus, san-' 
guis in ventriculos conterminos ruit ; contractione autem 
ventriculorum, vi4 retro, in auriculas valvulis firmiter 
clausa, in arteriam pulmonalem et aortam projicitur t. 

Contractionem utriusque partis cordis, stimulo san- 
guinis contenti fieri, minimi dubitandum est. Quibus 
autem viribus iterum dilatatur nunc dicendum est. 

Lex quaedam, qua omnes musculi astringuntur, est ; 
ut bi, post contractionem quae spasmum non induxerit, 
ad statum relaxationis naturalis unde detracti fuissent, 
protihiis resiliant t* Cor ab hac lege nequaquam libe- 
rum esse, satis comprobatum habemus. Cadaveribus 
enim insectis semper dilatatum detegitur §. Prsetere^ 
corda renarum, et aliorum animalium vitse maxim^ 

• Monro. Praelect. t Monro. Praelect. 

J Cullen's First Lines § Halleri Physiol. 

Sk 
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tenaeiutu, ex corpcure omnino secta, 'oontrabere et dila^ 
tare alternis vicibus per aliquod teropus perstant ; quan* 
do dilatado non cert& fit vel impulsu sanguinis redeaiiUs 
vel alia vi a corde ipso aliena *, 

Praeter autem vim resilieodi muscularioin fibrarom 
cordis ipsius, animantia* aliis viribus, qoibus dilatado 
singdarum partium hajus visceris certius» pleaiuset 
vividiiis perficitor, potiontur. Cor, in systole^ et brevius 
et arctatius fit ; quoqueversum irominuitur t. IBa 
pars cordis itaque» quom coDtraxerit» in angnstiores 
limites redacta, in pectore relinquit spatinm ; quod ab 
alia materia, cum reliquo corpore eequd pressa, occapari 
oportet. Ad hoc vacuum implendum, vel quasdam par- 
tium cor et appendices circumdantium fitum mutare et 
in cor descendere, vel aliquam aliam cordis ipsiua par- 
tem, pro ratione spatii contractione altera partis relied, 
tumere, necesse est. 

Ex his de situ cordis supr& dictis, et ex consilio aa- 
turse, ne cor in motibus suis vitee tarn necessariis, coer- 
ciretur, vel ullo modo impediretur, caventiSf evidenter 
apparet ; ut partes cor appendicesque circumdantes, fixaei 
tens®, rebusque aliis connexse, non facile vel subito 

* Hallebi Physiol, et Monron. Prselest. 
t Apud M orNBON. Praelect. Anat. 
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subind^ e loco deprimi possuat ; dum temporis momen* 
to ipso quo veotrieuU saogulDe pleni atque stimulati 
GODtradioiieai iachoaot, auriculae, contractione firnt^* 
minimi impeditae, et resilire jam conantes, facile celeri** 
terque resurguot, spatiumque veotriculis contrahentibus 
relictuiDy cjlius dicto occupaut. 

Inter dilatatiooem ilaque auricularom cordis, sangms 
in veua cava venisque pulmonalibusy et ex eo in omni- 
bus earum ramis ramulis que, minus a parte cordis qoiUBd 
alibi gravatttS) cedit, ut omnes substentias oportet, poo-^ 
deri majon, et cor versus pleno rivo fluit. Yeatriculi 
deinde sui vice dilatentur et implentur, eodem modo quo 
auriculae ; et hsec motuum nobilissimoruai series, dum 
labatur vita, continue iteratur, 

^oe m^auismo, consilio prxHrsiis divino fabricate, 
cor simplice conatu duplice fungitUr officio : couata enim 
illo quo sa^guinem iusigni vi ad omjaes corporis partem 
propellit, lioc i^uidum ab his partibus, flumine eeque 
copiowy ezhnurit. 

PARS III. 

4 

Demum examinare progredimur, annon explanatio 
jam< date de modo quo cor reditui sanguinis consulere 
supponitur, aliquid roboris recipiftt, ab lUis quae de cur* 
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ia sanguinis ant strnctora cordis vasoramve san- 
gaiferoram, vel ex obsenratu tradita, vel ab experimen* 
tis qase variis temporibus k viris eruditis ad varios fines 
exeogitata fuerunt. 

!• Thoraoe vivi animalis aperto, pericardioqne infec- 
to, ventriculi, quod etiam aocidere oportet de auricolis, 
nee coarctantur nee dilatantur eodem tempore ; nequa- 
qnam ut ante^ concordant ; sed omnino irregalares 
fiunt ^» Hinc apparet consonam illam auricularum ven- 
triculorumque cordis actionem, non ex uUa fibrarum mns* 
cularinm vel nervorum consensu pendere ; sed omnind 
ex cordis intra thoracem situ ; quo certi rootns non nisi 
in fixo ordine fieri possunt. 

2. Qnapropter fit, nt valvulae desint apud orificia ve- 
oamm ; cum satis robustse satisque idonese inveninntor 
inter ventriculos et auriculas illis conterminas ; et apad 
oetia aortas arteriaeque pulmonalis? Altera auricala, 
putk dextniy sese contrahens, sanguinem quo repletor 
aequali vi in venam cavam ac in ventriculum dextrum 
propellat oportet. Unde sanguinem redeuntem magno- 
per^ impediret, si non panlisper omnini moraretnr, vel 
etiam in cursum retrogradum premeret. 

Secundum autem roodum jam explanatum, ratio ear 

* Halleri Pbysiol. rol. 1. 
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valvulae ad ostia venarum absunt, satis idonea et pulchra 
dari potest. Auricala jam plena et stiinttlata, contra- 
here iDcipit ; eodem tempore, ventriculus contermiDus, 
contractione absoluta, et propter vim suam resiliendi et 
amotionem gravamiois aeris atmospbsericii auricula 
diminuente, prodactam, turgescere extern^ incipit y hinc 
sanguis ex auricula pulsus^ minus ponderis ventriculum 
versus quam venam cavam versus sustinet ; quare om- 
nis in ventriculum dilatantem ruit ; et sanguis in vena, 
nulla lic^t valvula interponitur, baud minimi repellitun 

. 3. Vena quavis ligata, pars vense inter ligaturam et 
finem tumet ; pars autem, inter ligaturam et cor, de« 
pletur, albescit et comprimitur *• Si sanguinem in 
venis fluentem per vires cordis atqne vasorum, prseser- 
tim moveri babeamus ; ut pars vense, ac in hoc experi- 
mento, ultra ligaturam tumeret, non omniu6 disputa- 
bitur } ut pars autem inter ligaturam et cor depleretur, 
non tarn facile concedi potest. Yix uUo contenditur, 
venas in quarum plerisque nullus motus percipitur, san- 
guine plenas, propria potentia poUere, ad se ex boc san- 
guinis deplendum. Vim autem a tergo, qua sanguinem 
per venas propelli supponitur, ligatursL ven® circumdata 
a sanguine ante ligaturam, intercipi oportet. Quid nunc 
idoneum restat ad sanguinem ante ligaturam ad cor us- 

* Harveii Exercit de Motu Cordis. 
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^pe movendwR ? Memratafn, quod, veoft hod adfauc 
kgalsL ei uapressum faemt, ▼« satis poUens baberi po- 
test. Quamvis ver^ sHiamas,, partem Yeass ante liga« 
tnrDiiiy hoc vel quovis alio mode, depletam foissse ; 
tamea at statiiB fer^ iterum impleretor coatendStor. 
Lie^t eoin oaus raonas veoosus ligetar ; sunt tamen 
alii iBBii^ non ligati ; qai edaai ia traneum «ade Kga- 
to. r.»a» orkor saoguinem bfandant. In hUrebos. 
pavtem saagniDis, ab ramis non figatis, in truncnm com- 
monem infosam ad orificiom tigati rami adventami re« 
trorsom in ilium premi et ibi reflnere, donee pars 
evaeoflita oomin^ iteram impleretor, oportet. Fortasse 
aulem otjiciator^ valvulas esse in venis ne sangnis re« 
gargkaret obstantes. Apparet autem, ab ezperimentis 
eruditissimi Stepha^i Hales, sangainmi, in iffis 
etiaqi Tenia in qoibvs yalvulse freqaentissim® occarronti 
nSiiloBunas s»pe regurgitare ; nemp^, in venis jugn* 
laiibos YiveDtiB eqase *• £t quamris valvuks injects 
in oadavere impediant, res se aliter habere potest in cor- 
pora vivo* Idem a«tem aocidere obserrataon foiti in 
venia in quibos null® valvule inveniaataf } et nM pln- 
rimi alii raaoiA ab eodem truaeo oriuntnr ; veloti in 
raoM> qaovb vene& portarum, iliaearam intemarum, et 
qoidem plerumque in omnibas venis qnae ligatoris aret^ 
cireumdatee faerant t. 

* Hales's Haemoitat. £x. vii. 

t Apnd Harv. de Motu Cordii, et Halleri Pby>. 
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Deplelip autem venae ante Ugattirum, ex bypmheei 
data, £Eu$il6 expilicari potest* Veii4 \igkk9 i^ saagviiib 
ante ligataram minori gravaminis cor versus, quaiti ve^ 
nam cavam versus, subjicitur. Qiiare eedit a parte t[ii4 
phis gravatur, 'et ad cor pr<^editar. Etldem cain^, 
quee sanguinetn ante Itgaturdtn nA cor Vexit, ne ullimi 
aliod satigaihis, in Criitieatti coratttanem quibtidVis atb 
ramis infasi, ad ligaturum refloeret, obstttbit* 

4. Nlmc atttem questib de usli valvlilardm ii<»t)is ite- 
rtim redit. 

Yalvute Don in omnibas vtenis deteguntar ; freqnen- 
tnis in vehis colli et extremitatum ; et ibi lb his tenAt 
prsesertim quas sub sispi^rficiem currunt. Si AeAgtMSe^ 
a natttra fuerant^ ad tsangniiiem, tensculis cbntlrafafeiltabbs, 
cor Vetans dirigeiidam ; verit^imile est ut ohihies Vense Hi 
extrneri^ittttiir quae presfttit-as musculomm obhonse isimt. 
Bee lintem ne^tiaquam afccidit. Qnoniam pleniinqne 
in partibtaf qns6 dM^ ciompriroentftns objicimitiit* ; HA 
in eoll^ et extr^Miitatibitt ; V^imile est lit diesigiUiTltttr 
ebviam ire ihafis qncs ab his causis oriti possant. Qod 
saugnis tediicatdr ab extremis veiiidi nee^^stirium ett \at 
▼enee ab his t)arlalKis tementes in ntilh p^m coihpn- 
mantur. Venae superficiales brachionim et ddlU, a figtira 
partinm, aptae sunt qaae ligaturis aliisve arct^ iis circum- 
dMis, cbinj^riWiiiAtiir. Posliiiittae itaqne VidVtilae sea 
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viyo» ut venom quILdam parte oompreasain citius dilata- 
rent ; noy lateribos loogius Gompressis, concrescereat 
obstareot, formamque tubularem venarum certiue serva^* 
rent ? Si antem Imc e^anatio usna ualv^lariKu Diinas 
plaeeaty aequ^ utiles haberi poesant regurgitationi ob^ 
ataodw eangoinis pondere aerie atmoepbiBrici ac ulla alia 
causIL redact aoppositi. 

5« Arteri& neetk, eaoguie usqoe ad mortem fluit ; 
ven& autem comitante, parte ssque a corde reniota» eeo- 
tkp vix ullum sangiunb mittitur. Quare fit ut sanguis 
float ex arteria sed non ex vena ? eetne quia eaoguis 
moveat celerior in arteria quam in vena ? Si autem vel« 
ocitas sanguinis in arteria sit major quam in vena sodali, 
cavom veme est in eadem ratione amplius illo arteriae. 
Quoniam autem velocitaa sanguinis in vena tardior eU 
illo in arteria, solum pro ratione majoris amplitudinis 
veoflB ; momentum, cujus ratio, ex hujus yelocitatis at- 
que vasorum diametrorum quadrarum rationibus, oom- 
ponitur, par esse illi sanguinis in arteria necesse est. 
Sanguis in vena itaque, si motus f uerit vel vi cordis sea 
vasorum in quibus continetur, vel alia vi, post sectionem 
ven» agente, tam longe et sequa oopia ex vena ac ex 
arteria floeret. 

Si autem sanguinem in vena ^ublatione aeris am- 
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biantis movori ladbeamos^ cftwa mvc tatogu'ft wix vena 
fiecto non floa^ evidenter apparebk. Sanguis cirtom* 
fiuens, cam venas petiverit, momentttin a torde et ar« 
trails acoeptam fere omne ^timisit. Veaa itaque trass* 
vera^ seetaiy sanguis i^d orifieiiiin sectionis toti ponderis 
sab|icitur aeris, aUatioiie cujas in fnotam traotns faerat* 
Qoare mine flaidam akra sectionem, tarn Biultum gva* 
vatum a parte sects qo^m a tergo, fer^ onniino sisters 
sdbito eogitur. Eodem modo ratio Ann potest^ our 
sanguis ex vulnere in venas latere fteto non manat : 
Sanguis enim ex tali vulnere manans currere obviam t»- 
ti pondiaris aSris debet ; sed eor versus manans, a parte 
sakeoi hujus ponderis levatur. 

6. Nisi banc dissertationem lohgius extenderet^ san- 
gttisa^ bis villus quibas eircalatib qus pier umque asciibi- 
tur circumvebi supposito^ fusils objici posset : Truncis 
vense cavse ita apud cor sibi obviam euntibus, ut rectam 
fineam fiE^rarefenuit, fluBBoiia sangatniseonMiti, per omne 
spalkm^aod ab initio systoles aurioula dextrie ad dilatei- 
tionem ejus iaeiniteni» dabitar, rect^ in se omni* 
bm virflms mere eportere : Propter mi^orem copiam 
fluidi, aodem tempore, cavA inferiore ad cor reduetami 
at itaque majas hujus momeatum, ntfUum sanguinis sui* 
periore cava unquam cor assequi posse : Giim ad saaam 
vsletudiaem oopia sanguinis ttqaa iUi a venlviealo siiiia* 
tro pro^eet®, per venam cavaaai ad cor rsdifi requiritur« 
3l 
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auricalam deztram se contrahere contra vim ad redocen 
dom hone saDguinem idoneam oportere ; sed ad talem 
laborem aoricalam imparem evidenter fabricari : San- 
goiDem per sinus cerebri^ quos omnes nunc confiteDtor 
vel ad 86 dilatandum vel coarctandam impares esse, 
non vi tiransmissa a tergo per teneros surculo^ cerebri, 
drcnlari posse : Denique oellolas penis semper sangoine 
distentas esse oportere ; nam quamvia conoeditari eas 
ligamento vi resiliendi prsedito circumdari, tamen at« 
tribui huic ligamento dotes quibus null am aliad in cor- 
pora praeditum est, neoessarium esse ; nemp^, in viro 
a gravi metu vel anzietate laborante, potestatem sese 
contrahendi in diametrum ter vel amplios minorem qu^m 
pene erecto, habuit. 

Facillimum est intelligere qa&m ben^ hiec omnisi a 
faypothesi dat£L explicari possunt. 

T. Ante terminandam, autem, a notando unum aliod 
insigne beneficiom ex hac fiibricatione et machina oonb 
oriens, abstinere neqneo. Magna copia sanguiniss ^ 
sanam valetndinem servandam necessaria, rapid^ circa- 
landa est. Vis verd qo& tantura sanguinis ad cor redit, 
insignis sit oportet. Si cordis solius esset banc onmem 
vim resistere, hoc viscus non solum interrumpi et im- 
pediri in suis motibus obnoxium esset ; sed^ &brica 
auricularum spectatay in discrimen rompendi duceretur. 
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Subsidiam cordi autem natura poteutiam satis validam 
tulit. Tempore quo auriculae ad idoneum gradum di- 
latantur et sanguine iosplentur, et ipsae et sanguis quern 
continent, toti ponderis aeris^ antea partial Isevati, sub- 
jiciontur. Cor ipsum itaque nullam vix impulsum a 
sanguine reduce sustinet ; inter contrahendum nullam 
resistentiam oppugnat; et omnes motus vivide, sine 
violentia autem, perfieit. 
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